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generalization that links facts together In terms of 
abstract^ properties such ^s color, position, number 
(ordinal, cardinal), degree or type of change, etc. A 
pupils attainment will be measured by factual and/or 
conceptual Information embodied In the answers of multiple 
choice test questions. 

The objective of an episode entitled INFERENTIAL or 
PACTUAL-CCNCEPTUAL-INFEHE24TIAL 

The objective of Inferential Instruction Is a change 
In behavior which has as Its outcome the ability to 
'arrive at a decision or tentative conclusion, or the 
acceptance of a seemingly Incontrovertible outcome based 
upcKi a mental model without substantial physical evidence, 
but from reasoning, partial evldencp an3 relevant facts 

(the existence of potential energy can only be inferred 

the proof of such occurs when the energy 'is releasee}. » 
The objective of factual-conceptual-inferentlal instruction 
is a change in behavior which has as its outconf^ the 
ability to apply facts and concepts presented during the 
episode in question and, in part, earlier episodes to 
make inferences about the nature of selected physical 
phenomena. A pupil •s attainment will be measured by 
his abiiltyto recognize a correct inference embodied 
in multiple choice test items; the test question may 
describe a new or modified situation to which the pupil 
Hill apply the mos^ likely inference. 

ADsumed example of a FACTUAL-CCNCEPTUAL activity within 
ar. Instructional episode: 

Basic facts about general atojiic structure are brought 
together to build the concept of orderly atomic structure ^ 
of the elements. The instructor lectures- brief ly on the 
form and structure of the basic plf^netary atomic model, 
starting with hydrogen. He uses the overhead projector 
or chalkboard to diagram the buildup of several lignt 
elements, giving the rules for electron orbit compiement. 
The pupils do likewise; then they use a simple table of 
atomic characteristics to draw planetary atomic repre- 
sentations of many of the first 20 elements. 

Assumed example of a FACTUAL-CONCEPTUAL-INFERENTIAL or 
INPEHEHTIAL activity within an instructional episode: 

The ass^'med exampls of a PACTUAL-CCNCEPTUAL activiv.y is 
extended to include interpretation of a simplified version 
of the Periodic Table of the elements. The pupils ure 
then invited to make inferences about certain character- 
istics of elements for which only blanks appear in the 
'Table. 
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The Validator's Task 

The validator should read each instructional episode and the 
test question(s) following it. He should then decide if the 
episode's instructional objective, labeled ' either factual- 
conceptual or inferential*, is nea^ured in the cognitive 
sense described on pages 1 and 2 by the test iten(s). 

Attainment on an episode labeled inferential which is 
measured by more than one test item may include soae items 
at a lower level of the cognitive hierarchy than the infer- 
ential levels Thus it is possible that an episode labeled 
inferential* may have attached to it one or more te.st items 
at the factual-conceptual level in addition to one or core 
at the inferential level'. 

For 'negative decisions a test item's identification number 
should be marked with an •'X". If time permits, a brief note 
of explanation would be helpful, and appreciated. MariC 
"O.K." for acceptable items. 
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Ist Jury Validation 



Background 

There is a dearth of studies that are directed toward 
organizing and evaluating appropriate classroom activities 
for eleraentary children, which nake use of a major con- 
ceptual scientific paradigm or model. A conceptual model 
of science that has had monumental consequence is the 
Bohr-Rutherford atomic model, or planetary atom. Though 
it has been supplanted in advanced scientific enterprises, 
the planetary model is universally employed as an intro- 
ductory instructional paradigm in atomic studies. The 
planetary atomic model led to the classification of all the 
elements by their electron complement in the Periodic 
Table; this outcome has been described as one of the greatest 
Intellectual achiever,^nts of all time. As such it deserves 
a significant and meaningful place in elementary science 
curricula. 

The Study 

The purpose of the present study is to evaluate the fol- 
lowing general hypothesis; a major conceptual scheme of 
science, the planetary atomic model, can be the basis of 
Instructional episodes for pupils of middle elementary 
aji6, pre-secondary classes. 

The Instructional episodes have been compiled and modified 
from a number of sources which driclude curricula handbooks, 
commerbial -sourcebooks, apd even college textbooks. As a 
judge of the suitability of the instructional episodes you 
are asKed to consider three aspects of each of them. Aspect 
No. 1 is described on pages 1-^. Aspects No. 2 and No. 3 
are de3cribed on page ^* , 

Aspect No. 1 

Each episode is labeled with a title which indicates its 
instructional objective(s), namely, FACTUAL and/or 
CONCEPTUAL, or INFERENTIAL, or PACTUAL-COXCEPTUAL- 
INPERENTIAL. The titles are described and assumed exam- 
ples given below. 

The aspect to consider: D oes the instructional episode 
fit the purpose implied by its title in any useful 
operational sense for pupils in coth midcle elementary 
and pre-seconcary classes ? 

The objective of an episode entitled FACTUAL: 

The objective of factual instruction Is a 
change in behavior which has as Its outcome 5. 

-1- 
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'knowledge of an event or phenor.enon, or assumption, 
or principle. A pupil's attainir.ent will be 
ceasured by his ability to recognize correct 
factua^l inforination embodied in the answers of 
multiple choice test questions. 

The objective of an episode entitled CONCEPTUAL: 

The objective of conceptual instruction is a 
change in behavior which has as its outcome the 
internalizing of an idea or generalization that 
links facts together in terms of abstracted 
properties such as color, position, number 
(ordinal, cardinal), degree or type of change, 
etc. A pupil's attainment will be measured by 
his ability to recognize correct conceptual 
Infornjation embodied in the answers of multiple 
choice test questions. 

The pbjective of an episode entitled INFERENTIAL: 

The objective of inferential instruction is a 
change in behavior which has as its outcom.e 
the ability to arrive at a decision or tentative 
conclusion, or the acceptance of a seemingly 
Incontrovertible outcome based upon a mental 
model without substantial physical evidence, 
but from reasoning, partial evidence and 
relevant facts (the existence of potential 

energy can only be inferred the proof of 

such occurs when the energy is released). A 
pupil's attainment will be measured by his 
ability to recognize a correct inference which 
explains a physical event, embodied in the 
answers of multiple choice test questions. 

The objective of an episode entitled PACTUAL- 
CONCEPTUAL-INFERENTIAL : 

The objective of factual-conceptual-inferential 
instruction is a change in behavior which ^.as 
as Its outcome the ability to apply facts and 
concepts presented during the episode in 
question and, in part, earlier episodes to make 
inferences about the nature of selected physical 
phenomena. A pupil's attainm.ent will be measured 
by his ability to recognize a correct inference 
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Revisions of the measurement instrumei>t,. resulting from 
analysis of the pilot class performance, are summarized 
'in Table No. 2, Appendix B. 

:,n certa/.n cases an item was retained with revision, 
even thoi.gh in the original form the item discriminated 
poorly between high and low* scorers and/or the difficulty 
inde?: was low or high. - Items thai; were revised or dropped 
wero done so as a result of interviews with high-scoring 
children a^id the teacher. 

All of pilot epioodo no. 1^ was dropped because of dif- 
ficulty expressed by pupils and teacher witn the concepts 
of electron snei^jy levels to account for certain phenomena 
associated with spectral color and x-rays. The most basic 
limiting factor Appeared to be that the activities dia not; 
provide enough preparation in the conservation principle. 
In addition, oimple, direct demonstration materials were 
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ADDITiaVAL CHITZRIA AMD IN'FCRT^ATICX R:^LOTA>;T TO 
ASSESSIN'G TH2 EPISODES 



1. 



2. 



6. 



In your decisions, do not give major emphasis to 
possible languase probleis. The episodes accepted 
fron the Dresent validation process will be. subject 
to further assessment and to the scrutiny and criti- 
cism of* the teachers -who will present the activities 
to their own classes. 

All episodes which are accepted will be taught to all 
experimental classes that comprise the two najor, grade 
categories for the study, namely, middle elementary 
(grades 3 and ^) and pre-secondary (grades 5 and c). 

An effort has been made to choose episodes and modify 
them so that puoil-teacher interaction is maximized. 
The most common* method of instruction for the episoc.es 
will be discussions which include lecture-discussion, 
demonstration«-discussion. ^nd short laboratory-cype 
activities followed by discussion. Several episodes 
have provision for reinforcement activities. 

Several episodes carry the sub-label entitled "back- 
ground". Their puroose is to give tne pupils prelim- 
inary experiences in dealing with unseen factors or 
entities . 

Several episodes -relate to findings or evidence that 
postdate initial development of the pla^tary 'atomic 
model* This in no way confounds the purposes of the 
activities as a whole because a rigorous planetary 
atonic model Is not being employed, nor is it limited 
to Icnowledge at a certain point in time. For example, 
the neutron was "uncovered" a^number of years after the 
major -postulates relevant to 'the planetary atomic 
model were introduced. 

Certain asnects* of the validity of each of 25 proposed 
'classroom instructional ^episodes are in question. You 
are asked to Judge' the content and ^purpose of the pro- 
posed episode in respect to the several stated aspects*. 
'Your Judgment and that of others will be compiled to 
obtain an assessment for each episode. A sample rating 
sheet is presented on t^age no. 6. An individual rating 
sheet is provided on the pa^e following each episode. 
The items on the rating sheet coincide with the stated 
aspects*. 



♦described on pages 1-4, herein. 
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AN INVESTIGATION IN 
ELEMENTARY SCIENCE CURHICULUM 
EMPLOYING A MAJOR CONCEPTUAL 
SCHEMES APPROACH 



Instructional Episodes Leading To 
and Pertaining to the Planetary Atomic Model 



by 
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January, 1969 
revised July, I969 



EPISODE #1 

INFERENTIAL (background) 

This Instructional episode Is designed 'to give children 
background experience In accounting for certain physical 
phenomena In terns of entitles that are not seen directly. 

At the ccapletlon of this Instructional episode the 
pupil should be able to select correct statements relevant 
to the Inference that unseen snail spaces exist In the 
structure of certain substances. 

Pill a small beaker with cotton and another beaker of 
equal size with v:ater. Crani as much cotton In as possible 
without going over the rim. Use a dropper to transfer the 
water into the beaker of cotton, and note that the water 
and cotton eventually seen to occupy the sane space. Ask 
^he pupils what nay be taking place among snallest bits of 
cotton and sxallest bits of water. During the discussion, 
the Instructor should write the pupils* tentative hypotheses 
on the chalkboard or overhead projector, then ask the class 
to evaluate each hypothesis. See sunnary question no. 2 
for the accepted hypothesis. Sone children nay ask If the 
process can be reversed, that Is, place snail bits of cottpn 
Into water until the cotton and v;ater seem to occupy the 
seune space. The conclusion Is valid both ways. 

Summary Questions 

1) At normal temperatures nearly all substances 
{materials) can be grouped by their physical state, 
solid, liquid, gas. Is cotton a solid o^^ a liquid? 
^Flexible solldd Is water as used In this Instruc- 
tional episode a solid or a liquid?. Qsollds tend 
to keep a shape, llqv.lds teadlly take the shape of 
the bottom of their containers, gasses fill their 
containers 3 

2) Why do we think that the water fills in spaces 
within the cotton mass? (The cotton can be re- 
moved and nearly all of the water wrung from ItJ 

3) If drawing A represents cotton and drav;lng^ B 
represents water, how would the results of the 
demonstration be shovm In drawing C? 

1 9 C 

4) How is a sponge able to hold large amounts of liquid? 
New Vocabulary 



beaker represents 
flexible substance 
materials 



EPISODi #2 



INFEaEKTlAL ( backc:round ) 

Thl? Inst^'uctlonal f-plsoi^^ 15? dpFlfm^r? to rlv« chll^ron 
background exoerlence In accountln>r for a chanc-p In rppclflc 
matter In terns of effects which are not 55pon dlr^^ccly. 

At the comnletlon of this Instructional enlso^p th^ nunll 
should be able to select correct statements r^lpvant to th^ 
Inference- that the substance InvolverJ Is ca'?r» ur> of clny 
Invlslole entitles or bits which are In r^otlon. 

Pour some ammonia or perfume In a shallow dish, hsk 
pupils to Indicate when they first notice the o^or as It 
diffuses through the air In the roon:. Invite puolls to su^-a^est 
6U1 explanation for the spread of furies (gas) across the rooz. 
A reasonable assumption is that a little of tne su'cstance 
escapes (or evaporates) Into the air. This Idea can be tested 
by exposing a scall quantity of rubblnp alcohol to air until 
it disappears, or let alcohol evaporate froa the arms of the 
pupils. 

The pupils should be led Into a discussion about the con- 
ditions that appear to be necessary for the senslnfr of odors, 
euid for the evaporation of substances* Ask thezj to hyooth- 
eslze which of these situations would most quickly permit tne-:: 
to smell something: 

A) The aic in the room does not move. 

B) The air In the room moves, but the bits or 
molecules* of the substance do not move. 

C) The air moves and the bits or molecules of the 
substance move. 



(continued ) 



The term molecule Is defined more precisely In a later 
instructional episode. For this episode define molecule as 
tiny Invisible bits or ••parts*' of the substance. 
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EPISODE ^2 (second of two pages) 



Summary Questions 

1) If the first drawing shows the substance used In the 
beginning of the demonstration, fill In the drawings 
to show the amount of It after the time period 
Indicated* 




Openings into the Room 




original source 
of substance 



5 minutes 10 minutes 



1 day 



2) Why does the source substance disappear? Where does 
It go? 

3) Which -pupils (as to location) noticed the substance's 
odor first? Would the results be much different If 
these same pupils were originally at different 
locations? How can we be sure? 

4) Why can we see the substance at Its source, but 
cannot see the substance as it approaches us? [it 
changes from a liquid with molecules close togetner, 
to a gas with molecules far apart. It Is Inferred 
that the molecules are very small, because we can't 
see them as a gas^ 



New Vocabulary 

alcohol 
ammon la 
evaporate 
fumes 

molecule(s) 
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EPISODE #3 



CONCEPTUAL - INFEREN'TIAL (background) 

This Instructional episode Is "designed to give children 
background experience In accounting for differential dispersals 
of a substance In terms of heat associated with It.' 

At the completion of this Instructional episode the pupli 
should be able to select correct statPiLents relevant to the 
Inference that the substance Involved beco::ses diffused and the 
dispersal Is dependent on temperature. 

Set out three 'beakers of equal volume. In one beaker put 
water at room temperature or at the temperature of the cold 
water fau<J5t." In a second beaker place near -boiling water to 
a level equal to the water In the first beaker. In the third 
beaker place two Ice cubes and enough cold water to equal the 
level In the other beakers. Use a dropper to place a few , 
drops of dye solution In' each of the beakers, or use a flat 
wooden splint to put a few particles of powdered dye In each 
beaker. Ask the pupils to explain what Is happening In each 
beaker. In the 'ensuing discussion, these hypotheses should 
be accepted as tenable (1) the dye particles or bits of dye 
are dispersed or diffused In water, (2) the dlspei^sal per 
unit of time appears to be dependent on te?iperature .♦ 

Be sure the pupils understand that the amount: of the 
dye (or dye solutlontexcepc for slight evaporation) Is con- 
served... that Is, though It spreads out and looks larger. 
It has dme so at the expense of "thickness." 

Suamary Questions 

1) If the first drawing below represents dye solution 
after 1 rln«4oe at cold temperature draw a diagram of 
the dye solution later on when It warms to room 
temperature; when It Is made very hot. 





•♦then 




-♦then 




Cold 




Room 




Very 






Temp. 




Hot 



(continued) 

♦Pupils may Inquire about the possibility of removing suf- 
ficient heat to reverse the dissociation of the dye In so- 
lutlon».. In other words to make It denser so that the volume 
decreases. This would require special apparatus which pro- 
duces temperatures far below the capabilities of common coolants. 
The volume could not be greatly reduced In any case because of 
certain "forces" that exist between the particles of the material. 
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EPISODE #3 (second of two paees) 



2) (a) What makes the heated dye solution spread out 

more rapidly than the cold one? 

(b) Give sone exanples in everyday life in v/hich 
heated substances spread out more rapidly 
than do cooler substances. 

3) In an earlier activity the substance could not be 
seen spreading tov;ard us, but we sensed it by its 
odor. In the present activity we see the substance 
spreading; does this show that the bits of dye are 
in any way different than the bits used in Episode 
No. 2? Explain. [The bits in Episode "o. 2 are 

. each probably smaller than the bits of dye, herein.] 



New Voca bulary 

Diffusion, Dispersion 
Dye 

Increase, Decrease 
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EPISODE 



FACTUAL - CCKCEPTUAL - INFERETJTIAL (background) 

This Instructional episode Is designed to give children 
background experience In accounting for changes In forns of 
specific matter. In terns of heat associated with It. 

At the completion- of this Instructional episode the 
pupil should be able to select correct statements relevant 
to the Inference that siLall, not-easlly-seen bits or mole- 
cules are kept apart by the heat energy associated with them. 

Pour some hot water Into a beaker. Place an Ice cube 
on a curved glass dish called a watch glass, and co-ver the 
beaker with the glass. Invite the pupils to answer these 
questions . 

1) Liquid Is collecting (by condensing) on the lower 
side of the watch glass. Where does It come from? 

2) Look at the area Just above the water *s surface 
(higher up the molecules nay lose enough energy to 
come back together as vlrlble vapor before collecting 
as liquid on the watch glass). Why can*t the mole- 
cules be seen leaving the surface of the water? 

3) On the cold glass, why do the molecules cling 
together? 

The Idea to seek from the pupils Is that the molecules 
of water are Individually much too sm-'ill to be seen. How- 
ever, when the molecules strike the cold glass (why do they 
travel from the water upwart^?) something happens and the 
molecules collect near and on top of one another so that 
masses of them appear as a fogged portion or film on the 
RjLass. Ask the pupils to explain the events observed. 
tHeat energy or work** causes the water molecules to In- 
crease their motion, until they separate from one another... 
some fly off Into space. When the »*fllers" (at high energy) 
strike the cool (low energy) glass they gAve up their heat 
energy to-, the glass and their energy of motion Is reduced; 
this leads to a tendency** to collect together J 

(continued) 

♦Energy Is defined as the ability to do work. In a subsequent 
Instructional episode, the terms ",>nergy" and "work^ w\ll be 
treated more definitively. 

♦♦There Is concomitant electrostatic attraction but this Idea 
should not be pursued here. 



188 

EPISODE (second of two page 



4) In the process of condens^lng, do the molecules 
themselves get smaller, or do the aolecules get 
closer together? Kow can we be sure? 

{jDlrect evidence Is beyond our capabilities. 
However, It Is inferred that the molecules^ remain 
the same size but get closer together as they 
lose the energy that has caused them to stay apart. 
The inverse phenomena from which thi^ inference is 
drawn is demonstrated in Episodes no 2 and no. 



Summary Questions 

1) See questions 1-^ above. 

2) W^^t is the general effect of heat on molecules 
as compared to coolness, or loss of heat? L-^^ 
energy of motion of molecules tends to increase 
with an increase of heat energy; a loss of heat 
energy tends to reduce the energy of motion J 

3) Describe several everyday events that can be 
explained in terms of the instructional experiences 
herein. 



New Vocabulary 

condense 
decrease 
energy 
increase 
tends, tendency 



— ^ ^i,^^. — ...^ ^^^^ „ — ■ 
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CONCEPTUAL - INF£HE>JTIAL (background) 

This Instructional episode Is designed to give children 
background experience In making and coi?nunlcatlng hypotheses 
and tests of hypotheses about physical attributes of unseen 
objects • 

At the completion of this Instructional episode the pupil 
should be able to select correct statements referring to: (1) 
the notions of length, volune, and density as applied to unseen 
entitles In making reasonable estlriates about the properties 
• of those entitles, and (2) developzient and testing of mental 
models of entitles whose properties cannot be directly observed. 

Activity A 

The Instructor employs objects of the shapes pictured, 
then the class Is asked to discuss answers to the questions 
below: 



O O 6^ z^ 



Sphere Disc Cylinder Prism Pyramid 
(circular) ( triangular) 



1) Ask the pupils "to Identify the shc.pes. 

2) Which object(s) would be easiest to push or pull If 
they all weighed the same? ][jhe round ones] 

Why? [Tess rubbing^ 

3) Which object takes up the most volume or space? The 
least? Use an overflow can as pictured below. The 
object which makes the most water overflow has the 
greatest volume. Mark the water level within the 
beaker by stretching a rubbf>r band arounc' the beaker. 
Use thin wire tongs to grip and hold down objects 

that float. Though the wire tong takes up some voltise. 
It Is a constant that need not be considered In m^iklng 
the relative measurements, herein. ?or each measurement 
be sure the trough Is filled up to the level of the 
splgo*- and Is Just ready to commence dripping. 



(continued ) 




Rectangular Cube 
(oblong) (square) 
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Object, Volume Unknown 




Water 

Overflow Can 



^) If the objects were all made from the same substance, 
>fhich one would weigh the most? Why? 

5) If the biggest object is not the' heaviest, what can ^ 
be inferred about the molecules or particles of wnicn 
It is composed? [Either lighter, or .farther apart, 
or bothT] 



Activity 3 



The processes involved in the following part the 
activity are analogous to those that scientists use in dis- 
covering the properties of unseen entities such as atoms and 
their sub-particles. 

In each of enough boxes (small cardboard, or cigar boxes) - 
for each rjupil there has been placed a common object (pencil, 
metal strip, spool, wood block, etc.) and the box '^f^n 
^permanently" sealed. These will b.. used for the "black box"^ 
experiment in which the pupil is to use simple manipulations 
and then build mental models of the box's contents to Infer 
what is inside. He can never open the box; there is an im- 
portant analogy here with tne conception of the atoms of v^hich 
whe world is made. They cannot be seen... all that can be done 
is to make mental approximations and models of their structure 
and test these estimates and revise or extend the Jiental model 
as experimental results confirm, deny, or confound the model. 
One of the most important conclusions is that it can be inferred 
with great certainty what is most probably NOT in the box, and 
thus some models can be rejected with great certainty; ob- 
viously, there is not a real dog inside a box. 

By appropriate manipulation, a pupil should be able to 
estimate the approximate volume of the object (how much space 
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It takes up In conparlson to the box), density* (weight/volume), 
and hence, composition of things that cannot be seen. Invite 
pupils to estlnate tho density of the object In the box by 
"comparing" It to the density of familiar objects. For example. 
Is the object more dense, as dense, or less dense than a coin?, 
a sponge? ' ^7 

Inrlte certain pupils to che«:k each^'other's estimates In 
front of the class... one child describes his estimate of volume, 
weight, shape, density on a piece of paper and hands It to the 
teacher. Another child performs "model-thlnklng" anew with the 
same box In front of the class. The teacher compares the two 
"models" for the whole class. 

The teacher should ask the pupils to name some entitles 
that cannot readily be seen, but about which much Is knov,!!* 
[e'lectrlclty, atoms, molecules, magnetism, virus, certain 
diseases, electrons, alrj Point out that the use of the 
senses, coupled with Imagination are common to answer-seeking 
projects. ^ 

Summary Questions 

Activity A. See Questions In Activity A. 
Activity B. 

1) (a) Give four general characteristics of the contents 
of the box which caji be estimated with reasonable 
accuracy? ^[Shape, volume, weight, density?] 

(b) Can we be sure that a living thing Is not In 
the box? 



*To give the pupils more experience with the concept of density, 
fill a plastic bag with one pound of loose paper and demonstrate 
that Its much greater volume Is balanced by a one pound metal 
object of much smaller volume. Ask the pupils to explain the 
difference. . .accept answers th*at suggest, (1)- greater space 
between the molecules or particles of paper as compared to the 
particles of metal, and (2) a difference In the ultimate 
structure of the particles. Separately weigh the two objects 
using a spring scale. Adjust the contents of the plastic bag 
to weigh one pound. Use rubber bands around the closed neck 
of the bag to hook the bag to the spring scale. To fasten the 
metal object to the scale, wrap rubber bands tautly around 
the object and attach to the scale hook. 
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(o) What can be said «bout the contents of the box 
with great certainty? Give examples • 

(d) Can the contents of the unopened box ever be . 
Imovm for certain without the use of special 
Instruments? 

2) (a) Give some examples In which scientists deal with 
invisible things with confidence. (See examples, 
given bef oreTJ 

(b) Do pupils ever deal with Invisible things with 
confidence? How do they know what the results 
will be If the object(s) can't be seen? 



New Vocabulary 

. ^ 

cube ^ 

cylinder 

density 

disc 

rectangle .(rectangular) 

prism 

pyramid 

sphere 

squeure 

triangle (triangular) 

volume 

oblong 
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FACTUAL - CCiXEPrJ.\L - INTEHHT.'TI/J. (tackeround) 

Thlu Instructional epifiocle Is designed to Inpart to 
children U'ick£:rcur.d experience about the principle oi wort 
and en<»r£y tran^!'or':;atlons to account for a v;lde range of 
phj-slcal events. 

At the ca'^^letlon of this Instructional episode the pupil 
should be able to nelect correct ?;taten:ent>s and/or dlpgrucis 
th*it relate to: (I) Interpretation of the concepts of energ; 
ftnd work, and '2) the Inference that energy transf ormatlcne. 
result froc wo/*'. ^ 

Pair the pupils. One papll In the pair repeatedly bends 
a piece of 11 rht-1. fight coat innger wire. It Is flexed v;lth 
great rapltilty uitll It breaks. As the v:lre Is flexed the 
other pupil places a finger upon the flexing point to sense 
the Increarlng h'>at produced. Invite then to explain the 
cource of h^^^t. If the pupils use the word "friction", ask 
then to explain-, friction of v;hat, with v. hat? The problem 
any bf^co-.e cloirer if the pupils, after bencing their ;jlres, 
wave the=: vlgorcasly thorough the air in an tenpt to p^-o- 
duce appreciiMe heat. Cf course, the air 'ovldes very 
little rrictlcn«il resistance. The purpose here Is to give 
pupils '•xp*>rAcnco in Inferring that sniall Invisible bits 
(the t- rc molecule can be substituted here In a so":ev:h^t 
lesi^-thar.-rlgorous senre) of the wire are being nioved su^'^ 
separated by ar* external force. Molecules of the wire are 
ooupled tightly together (how they are coupled is beyond 
the scope of our studies; and soaie of the work done to weaken 
or loosen the couplings sho'';s up as heat. Keat is a form 
of energy; nfizie other forn:s such as electrical energy, energy 
of ssotion^ llg'st energy. Some of the pupils • body chemical • 
energy allowed then: to c;ake movements that were ultlcately 
transforcei to heat energy in the wire. 

Tell the pupils that work (contrast It to common 
qeonlngs) in science Is the measure of energy. For our 
purpores, the voi*ds work and '^nergy can usually be inter- 
changed. Woik is defined r ; acting through a distance, 
or which produces movement, P " ."ce is manifested as a push 
or pull. A subtle but Inportan. conc<^pt differentiates a 
force >^hich produces movement from a force that Is Incapable 
of itself in producing movement. Only the former produces 
vork or energy. [Tne latter may produce only pressure. How- 
ever, the potential to produce work as in a cocked rifle 
bolt^ is temed potential energy. The concepts of pressure 
and potent. tl energy will not be pursued in our studies.^ 



(continued) 



19^ 

EPISODE #6 (second of three pagee) 

Work Is capable of transformations. N^early all appliances 
In our hones, schools, and Industries make energy" transfor- 
mations for us; for example, a radio. In part changes elec- 
trical energy to sound energy. 

,To give the pupils experience In generalizing the Im- 
portant concept of energy transformation. Invite them to note 
and explain the source of the heat produced while a lead block 
Is repeatedly pounded with a hammer. \^ome of the energy of 
motion. In part> moves* lead m^olecules and part of the energy 
of motion Is transformed to heat as lead molecules collide and 
resist movementTI 

Summary Questions 

1) Define these terms and give examples or demonstrate 
each one : 

(a) force (c) energy transformation 

(b) work 

2) A boy pushes vigorously trying to make a car move, but 
It remains stationary. Does he do work on ths3 whole 
car? Does he do any work? Explain. 

3) Who would wear out the seat covers In a car first, a 
250 pound woman or a 120 pound woman (assume same 
ambunt of tl^ie In che car ard same kind of cover)?... 
explain In terms of work. 

k) In which of the following situations Is work performed? 
In which one Is the most work performed? In which one 
Is the least work performed? 

(a) A boy pushes his cart up a hlll# 

(b) A truck rolls down a; hill and 'crashes Into a house. 

(c) A bird pulls a worm out of Its hole. 

(d) A dog pulls at the end of his leash, but he 
doesn't move at all» 



♦The surface beoomes dented. 
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5) In wnich of the following situations Is work trans- 
formed (energy changed from one kind to another kind 
of energy)? 

(a) A girl uses an electric Malr dryer to dry her 
curls. Name the energy changes,- If any. 
[Ilectrlcal energy Is transformed to heat energyj 
Where did the electr^.cal * energy come from? 
gerhaps falling water, as at ^'lagara Falls... 
energy of motlonT) 

(b) The wind scatters fallen leaves all around. 
Name the energy changes, If any. [No appre- 
ciable change of energy In this example; the 
energy of motion of the wind Is Imparted to the 
leaves which also moveT] 

(o) A girl uses an electric sewing machine to stitch 
an apron together. Name the energy changes, If 
any. [Jlectrlcal energy Is changed to energy of 
motion of the needle, etc.J 
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FACTUAL - CONCEPTUAL - INFERENTIAL (bac 'aground) 

This Instructional episode Is designed to give children 
background experience In applying the principle of energy 
trans forisat Ion to entitles whose actions are explained In 
terms of the electrical nature of matter. 

At the completion of this Instructional episode the 
pupil should be able to select correct statements about 
charged particles derived from certain ^electrostatic demon- 
strations . 

Ask pupils to recall familiar phenomena with static 
electricity. Ihls activity might well be preceded by using 
Inflated balloons and noting their action on each other and 
on other objects after they have been rubbed against wool 
or plastics. 

Then proceed to the following demonstration which 
introduces the basic principle of electrostatics; like 
electrical charges repel, unlike electrical charges attract. 

1) Charge an *"ebony" (actually made of hard rubber) rod 

by rubbing It vigorously several times In one direction 
with fur. It Is known that such action. In effect, 
upsets the electrical neutrality of the substance of 
the rod; the action puts a negative (symbol Is -) 
charge on the rod. Bring the ebony rod near the knob 
of a neutral electroscope. . .note the action of the 
electroscope leaves. They will diverge. Touch the 
ebony rod to the knob... note the action of the leaves. 
They will probably diverge farther. Remove the rod 
and touch the knob. The leaves will converge. This 
action grounds or dlscliarges the charge on the scope, 
£ind it returns to electrical neutrality. 

2) Repeat No. 1 with an uncharged ebony rod, a glass rod, 
a pencil, etc. 

3) Charge a smooth glass rod by rubbing it very very 
vigorously several times in one direction with silk. 
It is known that such action, in effect, upsets the 
electrical neutrality of the rod; the action puts a 

^ positive (symbol is +) charge on the rod. Repeat 

the steps outlined in No. 1 with the glass rod. 

4) (a) Touch a charged ebony rod to the knob of a neutral 

electroscope, then touch another charged ebony rod 
to the knob while keeping the first one in place. 



(continued) 
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Describe the action of the leaves. The divergence 
will Increase. What can be concluded about the 
action of negative charges on each other? [Xhey 
repel each other?) 

(b) Repeat A, but with two charged glass rods. 
Describe the action of the leaves. What can be 
concluded about the action of positive charges 
on each other? [They repel each otherj 

(c) What can be concluded about the action of like 
charges on each other? They repel each other. 

^) To the knob of a neutral electroscope » touch a charged 
Slass rod, remove the rod. then touch a charged ebony 
rod. Groi^jid the electroscope and repeat, reversing 
the order of the rods. Describe the action of tn^^ 
leaves:* [She type of charge gives n divergence, tne 
other type added to it creates a convergence.J wnaw 
can be concluded about the action of unlike charges 
on each other? (pnllke charges tend tr attract each 
otherl One result of such attraction Is to neutralize 
a previously charged body. For example, a positively 
charged body may be neutralized by negative charges 
which are attracted to It. 



♦Several suggestions for obtaining satisfactory results with 
the electrostatic apparatus follow : 

1) When a /charged rod Is -touched" to the electroscope knob, 
run the^rod along Its length against the knob. This action 
maximizes the contact area between knob and rod. 

2) Some people produce better electrostatic effects than others. 
Invite different children to participate. 

3) Humid conditions may Inhibit maximum results from elec- 
trostatic demonstrations. 

(a) The glass rod usually gives the most trouble. Clean 
the surface by washing In a detergent or wiping wltn 

a paper towel saturated with alcohol. Dry thoroughly. 

(b) Humidity In the classroom is usually lowest early In 
the day* 

(o) An operating electric hot plate In proximity to the 
demonstration area may dry the air and apparatus. 
Plug-In well in advance. 
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As In earlier episodes, unseen entitles are cianlfest here. 
The principle of repulsion of like charges and attraction of 
unlike charges Is a funrtaniental one. It fhould be eniphaslzed 
that the actions denionstrated are basic to expl£.\nlng and pre- 
dicting atonic and sub-atomic events. Encoure^ge the pupils to 
hypothesize about what may be happening to the tiny bits 
that make up the ebony, the fur, the glass, tne sIIk and tne 
electroscope leaves. An acceptable hypothesis at this point 
would suggest that some things are added or are reaoved* from 
an electrically neutral object In the production of electro- 
static phenomenon. 

Summary Questions 

1) Describe the ener^z transformation In this Instruc- 
tional episode. ||nergy of motion Is transformed to 
electrostatic energy.^ 

2) (a) vmat Is neant by an electrostatically neutral 

object? 

(b) How does a neutral object become charged? 

(c) What Is an electrical ground? 

3) (a) How do negative charges affect each other? 

ih) How do positive chs.rges affect each other? 

(o) How do positive emd negative charges affect each 
other? 

4) vmich symbol Is used to signify a:. 

(a) positive charge? Ol 

(b) negative charge? £-^3 

(c) neutralized charge? fO 1 



♦TJie information that follows will be Introduced to the pupils 
In subsequent enlsodes. It Is kno'^n that negative electrical 
charges are derived from sub-atomic particles called electrons, 
and positive electrical charges are derived from sub-atomic 
particles called protons. In common applications, the loss oi 
electrons from atoms makes It possible for the protons to 
•display- their charges. Taken alone an atom Is thought to 
be electrically neutral, that Is, the number of electrons 
equals the number of protons. 
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5) On a prepared worksheet (as below) each pupil should 
complete electroscope diagrams by drawing leaves in 
the correct position. The upper left diagram is com- 
pleted as an example. It is suggested that the pupils* 
work be examined by the instructor to ascertain class 
progress • 




? 

? 



charged glass rod VI. 



then- 



New Vocabulary 

attract, repel 
ebony rod 
electroscope 
electros tfitio 
electrical ground 



negative 

neutral, neutralized 

positive 

symbol 
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FACTUAL - CON'OEPTUAL - INFSRSNTIAL (background) 

This Instructional episode Is designed to give children 
background experience In using basic principles of work and 
the electrical nature of icatter to explain a transf orniatlon 
of energy. 

At the completion of this Instructional episode the pupil 
should be able to select correct statements about positive elec- 
trical charges (protons) and negative electrical charges 
(electrons) In relation to (1) their Influence on like charges, 
(2) their Influence on unlike charges, and- (3) their relative 
mobility. 

Invite the pupils to differentiate between the ceanlng 
of the words conductor and Insulator, and, ask for examples, 
etpeclally those In coiiaon electrical applications. Tell 
the pupils that nearly any material, even w^ll known good 
Insulators* can be made to conduct electricity If enough 
work Is done on them, 

^ The demonstration employs an electrophorus ; It can 
achieve a larger charge than that of other Inexpensive elec- 
trostatic devices. An electrophorus consists of a layer of 
plastic on a stand and a separate metal charge-carrying disc, 
which has an Insulated handle. Each step Is expialn'^fd (see 
diagram and Information below) from the standpoint of moolllty 
of electrons. When a substance Is electrically neutral the 
quantity of the protons and electrons are In balance. It 
requires work to unbalance the quantity of charges. Scientists 
tell us that In common applications. It Is the relative mobility 
of electrons which accounts for the production of electrical 
effects when appropriate work ,1s done. In general. If the 
work adds electrons, then negative charges abound, and If the 
work removes electrons then the effect of positive charges Is 
manifest,** 



(continued ) 



♦Wood, normally a good Insulator, can conduct, as when a tree 
or bam Is destroyed by lightning. This common danger should 
be cited to the puplls^T 

♦*Some pupils may ask how to Identify the polarity (+, -) of 
an unknown electrical charge. Place a knovm charge on an 
electroscope, then place the unknown charge on the scope. 
The polarity of the unknown charge will be Indicated by the . 
convergence (attraction) or divergence (repulsion) of the 
electroscope leaves. 
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STEP 1 



STEP 2 



Rub the plastic plate 
vigorously with wool to 
charge the plastic nega- 
tively; this results in an 
excess of electrons on 
the plastic. 



wool 



plastic 
(part of elect rophorus) 



Place the nnetal disc on the 
plastic. The electrons of the 
disc are forced to the disc's 
top surface (why?) by the action 
of the excess electrons on the 
plastic below. 

insulated handle ^ 



plastic 



1 



j^- — metal disc V elect ropjiorus 



STEP 3 



metal disc J^jf ^//^ 

i H 

plastic 



Touch the disc. . .this action removes 
the electrons from the top surface 
of the disc because ''ground" is 
more attractive than the repulsion 
effect from the negative charges on 
the plastic plate. The metal disc is 
now positively charged. 



STEP ^ 



■ m 

lift the Kj 
disc .-^^ni-h-h 



neon lamp 



Lift the disc from contact with the 
plastic plate. Touch the dl5;c to a 
bared end of a wire lead froz a 
1/25 watt neon* laisp. A brief red 
other wire flash of the lamp Indicates t'r.at an 
electric charge Is flowing across It 
(from where?) to neutralize the 
positively charged disc. The "other' 
wire from the bulb nay not require a connection to complete tr.e 
circuit because the electrons In It may suffice as a source of 
charges. If the bulb does not flash, clip the ♦^other" wire to 
a metal object, or even hold the bared end firmly between your 
thumb and forefinger. 



plastic^ 



n 



♦Ine neon bulb Is a miniature version of the ones used In elec- 
trical advertising signs often seen at restaurants and shopping 
centers, etc. Given an appropriate electrical circuit, neon 
gas In a bulb will glow a red color. 
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f 

Show pupils that the light will not flash If no work Is 
done In STEP 1, The emphasis throughout Is to give tho 
pupils experience In accounting for the observations in 
term? of the relative mobility of electrons, as compared to 
protons « 

Summary Questions 

t) (a) Usually plastics are electrical Insulators, 
What had to be done to the plastic In this 
demonstration for It to become electrified? 

(b) Give common examples In v:hlch Insulating sub- 
stances nay become electrified, or conduct 
electricity, 

2) What specific work was done to produce electricity 
In the demonstration? 

3) Where did the electrons come from to light tiie oulb? 

4) Why did the bulb flash, then go out? £Electrons 
did V7ork (light energy) "on the v/ay" to neutrality 
In the disc J 

5) In which steps In this demonstration Is It Inferred 
that: 

(a) like elect2M.cal charges repel each other? 
(step no, 2j 

.(b) neutrality was re-established : £when the light 
flashes and goos out,,, end of step no, ^Tj 

6) Scientists tell us that charged particles, and hence, 
electricity comes from the atoms from which all things 
are derived or made. Further, scientists tell us that 
It Is negative charges or electrons that are Involved 
In carrying* electricity or In "movement" of elec- 
tricity. In view of this Information what part of 

the atom, "inside" or "outside," would most likely 
consist of protons? Explain, 



New Vocabulary 

electron, proton 

electrophorus 

conductor 

Insulator 

neon 
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FACTUAL - CONCEPTUAL 



This Instructional episode Is designed to Impart to 
children the Idea that th$ universe Is composed of a Halted 
number of elements which cake up all classes of substances. 
Prom earlier episodes the principle of energy trans forziat Ion 
Is brought to bear on the basic relationships between atons 
and molecules. 

At the completion of this Instructional episode, the 
pupil should.be able to select correct statements which relate 
to: 

1) the definition of chemical element, mixture and con:pound 
and the relation between them (rigor of definitions' 
will be sacrificed for ease of comprehension). 

2) the definition of atom and molecule and the relation 
between them (rigor of definitions will be sacrificed 
for ease of cos:prehenslon) . 

3) the^most general qualitative attributes which differ- 
entiate the approximately 100 chemical elements at the 
atomic level. / 

« 

Referrlng^ to soze of the materials used In earlier demon- 
strations such as ebony (hard rubber), glass, wooi; silk, wax, 
leaves of an electroscope, tell the pupil that all rhlngs In 
the world. Including plants and animals, sun and stars, are 
thought to be comprised of one or more of about 100 different 
elements. In various combinations. Xame several well-knov,-n 
elements (iron, silver, aluminum, carbon, hydrogen, o*xygen, 
nitrogen, zinc, radium, uranium, etc.) and relate to pupils' 
lives and experiences. At this point relate the word atom to 
the concept of element. Do not push for a deep understanding... 
it will be treated more risorously in a later instructional 
episode. Ask the pupils to give a general hypothesis tt> explain 
the existence of so many other substances (gi.ve examT>les such 
as water, sugar, salt, protein*, wax, silk, ebony, wool, etc.) 
besides the elementary 100. An analogy may heln: in a wardrobe 
of clothes of different styles, colors, etc., there is a large 
number of possible combinations thaj; could be worn. However, 
some possibilities are "more satisl'actory" than others. Give 
examples and let pupils give examples; brown and black shoes 

(continued) 



•Proteins are a class of complex compounds which give evidence 
of being involved with the basic chemistry of life in all living 
things. Proteins are in general composed of the elements ni- 
trogen, hydrogen, oxygen, carbon and often sulfur. 
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(spilt pair) etc., vs. 2 brovms, 2 blacks, or swiping trunks 
and T-shirts vs. svrlmalng trunks and overcoat. Tne Important 
generalization here Is that elements may combine, but tnere are 
easier or "more satisfactory" combinations with some elements 
compared to others. < 

There are two general modes by which substances. Including 
elements, may enter Into combination,- these modes are mixtures 
and compounds. Demonstrations follow which should Involve tne 
pupils m differentiating, via discussion, between mixtures and 
compounds. Us4 approxlr.ately equal and small quantities o. 
powdered zinc (an element) and powdered sulfur (an e^err.en^}. 
Use a- clean end of a wood splint to spoon out once . rem eacn 
container, and mix the powders a bit In a small porcelain cru- 
cible. Close th^ chemical containers before proceeding, ulve- 
the pupils, a definition for mixture which emphasizes the opera-^ 
tlonal possibility of separating the substances again, cy nana ; 
demonstrate separation by picking out a few grains o. on' oi .he 
powders 

Now proceed to make a compound from the mixture of zinc 
and sulfur. Make a compact mound of the mixture In tne cru. 
clble so that It will hold the heat from a burner.^ /.l.n long 
tongs! hold the crucible over a flaming burner.. 3e sure. the 
pupils are well away from the reaction because It wixl produce 
intense heat and light. Cnce the mixture starts to g.ow, remove 
the crucible from the flame, set the crucible .down and sjan^i 
back. ..there will be forthcoming a Sreat release of energy. . 
Compare the color of the new compound zinc sulfide (wnite; .s^^n 
the colors of the original reactants. 21nc Is grey, suLf 'r is 
yellow. Remind the puolls that the reactants are elemen.tL, anc 
re-emph^slze the definition of an element. Emphjaslze that v.ork, 
In this case, heat energy, was needed to start the reaction and 
there Is a release of energy as a consequence of the reaction 
that forms the new substance, a compound. Underscore the l..ea 
that the compound zinc s^flde did not exist as such before tne 
.reaction and that It always forms under the same conditions. 



♦There are other modes^^of combinations associated with mixtures. 
I.e. mixtures of compounds, and mixtures of compounds and ele- 
ments. An example of the latter Is air; examples of the former 
are .products such as Coca-Cola and Bufferln. 

*«The proportion of reactants that maKe up a compound are In- 
variable. However, a mixture can vary in the ^proportion of its 
substances. For exanole, the wheat cereals we buy {Wheaties, ?ep, 
etc.) are made from the same basic compounds, but they are mixed 
in different proportions to attain a difference in taste. 
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Put another way, when substances (elesentf^ and/or coinpou'ids) 
are put und^r conditions In' which a new compound c^n be forr:*^d, 
the new compound will a lway.*^ be formed 

The term molecule can now be Introduced In a sor.ewhat more 
rigorous (but not complete) sense than lised In earlier activities;; 
a molecule is the scaliest sub-dlvlslon of a conipounr^ that has 
the compound's properties An approxlinate contrast niay be 
helpful: atoms ai*e to elements as molecules are to compcunds. 

Some pupils may now ask If compounds can be broken do>m 
Into their constituent substances. At this point che lesson 
could be terminated until the next sesslonv 

A demonstration of breaking a compound Into the elements 
follows. Place enough of a compound mercuric oxide In a heat- 
resistant test tube (small) to fill the tube to the level snovei 
In the diagram. Do not let the mercuric oxide 
cllngnfo'the Inside wall of the test tube,,, 
lightly cork the test tube and heat, moving 
It back and forth over a flaming burner. 
When the contents become thoroughly blackened, 
remove the cork and quickly Insert a glowing 
(not flaming) splint. It should burst Into 
flame;*** this indicates the issuance of the 
element oxygen, Note the silvery droplets 
of the element mercury which deposit on the 
Inside of the tube.**** Outline the results 
on the chalkboard using the following word 
equation : 




Ttsr 



ox <oe 



*The compound zinc sulfide could be broken Into Its constituent 
elements, but It would require much work or energy to do so. 
Some other compounds are more easily ^ broken Into component ele- 
ments as will soon be described, 

**The term molecule may also apply to polyatomic forms of certain 
elements, mostly elemental reactant gases under normal conalwlons. 

***If the first attempt falls, cork the tube, reheat and try the 
test again. 

♦♦♦♦Referring to earlier episodes. It might be noted that energy 
is used to change a solid Into a liquid and a gas. however, . the 
change here is chemical not physical ,,, Why? [7\ physical, cnange 
Is limited to a change In sh^pe or a change In state, sucn as gas 
to liquid. Chemical changes very often Include physical cnanges 
but, In addition, there Is formed one or more substances with 
wholly new reactive (chemical) properties!] 
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(compound) Add heat energy (element) (element) 

mercuric oxide v mercury + oxygen 

(molecule ) ^ (atom) (atom) 

Emphasize that In this case a compound composed of two elements 

has been broken do'^-n to release its elements.* Compare the 

word equation for the decomposition of mercuric oxide with the 
earlier reaction In which a compound Is formed: 

(element) (element) add heat energy (compound) 

zinc + sulfur > zinc sulfld 

(atom) (atom) (molecule) 

Ask certain pupils to come to the chalkboard to Indicate on each 
word equation where the terms atom and molecule snould be pro- 
perly placed. The emphasis here should be upon the three ob- 
jectives stated at the top of page 1, not in memorizing v;ord 
equations . 

Invite the pupils to generalize, via discussion, the con- 
ditions for making a compound or breaking a compound into its 
elements. both cases energy* or work is requlredTJ 

Sxxmmary Questions 

1) What are the definitions for each of^ the following terms? 

Where relevant, give a common example* 

element compound energy 

mixture atom molecule 

* 2) As we have defined them, which would have the most element 
represented in it, an atom or a molecule? ^ 

3) (a) A scientist breaks a compound into its elements. 

Which one of the ^ statements below outlines what 
is thought to happen at the level of the atoms and 
molecules. Explain. (7#2j[ 

1) compound to mixture 3) atom to molecule 

2) molecule to atom 4) proton to molecule 



♦It might* be mentioned that many compounds contain more than 
two elements. One of the most common is sugar which contains 
the elements carbon, hydrogen, and oxygen. 
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3) (b) A cclencisc creates a compound from certain 

elements. Which one of the ^ starenents above 
outlines wnat Js thought to happen at the level 
of the at03S and cclecules? Explain. C'^^'] 

^) Scientists tell us thp.t there are approximately 100 
different eleizents which ciake up all the things In 
the universe. Which one of the three statements 
below best states the relation of the elements to the 
xake-up of all substance?? ["C] 

a) all substances are fixtures 

B) all substance:^ are either elements, or a zilxture 
of elements 

C) all substances are either an element, or are 
compounds, or are a mixture of elements and /or 
coapounds . 

5) Vhen the element oxygen and the element hydrogen 
ore mixed, nothing happens until a soark or flame is 
Introduced into the mixture. Then an explosion 
oc; urs and the compound v;ater» in some quantity, is 
olwQvs formed. Heiate the substances described above 
to the terms atom and molecule by filling in the 
chart below. 



oxygen 



water 



hydrogen 



element or compound? 



atoa or molecule?* 



♦Oxygen and nydrogen each readily exist in diatomic (two closely 
associated atoms of the element) form and as such are commonly 
called "molecules.** In these instructional episodes the term 
molecule will be used only in reference to compounds. 
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New Vocabulary 

atoa molecule 

composition oxygen 

compound reaction 

element splint 

energy substance 

mercury sulfur 

mixture zlno 
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FACTUAL - CONCEPTUAL - IKFEHENTIAL 

This Instructional episode Is designed to give children 
an experience In recapitulation of certain profound Iceas con- 
cerning the develorj-ent of a reasonably valid niodel of the 
atomic nature of z^tter- This episode draws on earlier ex- 
periences in electrostatics and making Inferences about unseen 
entitles. 

At the completion of this Instructional episode the pupil 
should be able to select correct state^ients concerning tne ex- 
periment and Inferences which led frois the Kelvin- Tnonpson 
«Jelly-roll- aodel of the atom to the Rutherf ord-Dohr planetary 
model of the atom. 

Ask the pupils to try to imagine the tiniest entitles of 
which the material of the world Is nade- Soxe scientists, not 
too long ago. Imagined these entitles or atons as sort of a 
sSherlcfl bail (see drawings) of Jelly-like positive cr.;ir^es 
In which there would be embedded one or more negative cnar^es, 
depending on the element. Scientists knew that atoms r.ad ne- 
gative char;res (electrons) and positive charges (procons), ou. 
their arrangement was a mystery. They correctly surmlsec that 
electrons were responsible for certain manifestations of energy, 
among them, heat and light. In reference to the Jeliy-roU 
Idea If electrons were pulled about within tne "Jelly" by 
havlAg work done on them, they would give up energy In the form 
of heat and light. 

Dlaffram I Is an approximate representation of a "Jelly-roll" 
atom which has several randomly arranged electrons J^^^^^f ^ 
If the -Jelly-roll- model Is a good one, then nlgn speed, positive 
charares fired at a mass of such atoms from the outside, wouic 
bfeSected to take wh^t path(s)? Invite the pupils to precict 
what path the proton projectiles would ta^e. and aeienc tnelr 
predictions. Then draw Diagram II on the cnalkboard. Diagram 
II represents what was thought would happen If the target atoms 
were analogous to the "Jelly-roll" Idea. 

If the atom Is analogous to the "Jelly-roll- conception 
then the path of proton projectiles should be slightly bent 
as the projectiles cane under the repulsion Influence of the 
randomly-arranged target protons (Diagram II). n-lectrons of 

(continued) 



♦Protons have nuch more niass (« weight") than electrons. 
Therefore, It Was expected that protons fired at hlgn speed 
would not be easily deflected by randomly arranged positive 
charges of the target nor be captured or slowed by negative 
charges of the target. 
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the target might only speed-up oncoming protonf? by /ittractlon 
and slow then a bit as the protons pass by. When the pupils 
seex to understand this logic, then show the=: v;h^t really 
occurred, as In 'Diagram III. 

Dramatize that Dlagra^i III represents wh^t happened when 
Rutherford experimentally tested the "jelly-roll" model of the 
atom. From the diagram It will be seen that some protons got 
through nnnQlAstftd... ln fact, most of them did , but a few that 
dldn^t were either very snarply def-iectec, or actually came 
dlxrectly backl The pupils should belled to Infer that: 
\ 

1) atoms seem to be mostly empty space; 

2) there Is a central portion th*at has a large, positive 
charge ; 

3) the planetary atomic model seems to be a better repre- 
sentation than the "Jelly-roll" model. 




Jelji^ Roll 



fMomc Model 



^ represents many, many protons driven at 

09 ^ high speeds. 
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When pupils appr.rently accept the foregoing, the 
following questions can serve to extend and reinforce pupils* 
conceptions about the planetary atonilc codel. 

1) For a source of target atoas, Rutherford selected 
elenents having the property of being dense. What 
was the basis for his reasoning? [High speed protons 
would more likely be Influenced because of more 
targets r] 

2) Assuming there are electrons associated with each 
atom, what can be Inferred about their distance froa 
the nucleus of the aton? [glecVrons must be far 
away and In motion, otherwise^. the cluster of positive 
charges In most nuclei would attract then so much 
that electrons would fall Into nuc'^elT] 

3) The planetary atomic model seemed to "solve" some 
Important problems for scientists, but It made 
problems, too. Can you spot one of them? Hint: 
consider nuclei which have more than one proton and 
then recall the rules for electrostatic attraction 
and repulsion! " 

Summary Questions 

1) If high speed positive particles were fired at atomic 
targets, which one of these drawings shows the ex- 
pected path protons were mixed evenly with electrons 
throughout target atoms? Explain. C"3"- expla- 
nation on p. 2 J 



A) 



D) 



2) Repeat No. 1 except the high speed positive particles 
are fired at an atomic target with closely packed 
protons; which arrow(s) repr^sent(s) what occurred In 
Rutherfor^»s experiments? L"C" mostly, and "D" occa- 
sionally J 

3) Scientists claim that atoms are mostly empty space. 
How did Rutherf Q;i:d •s experiment help to Infer such 

a conclusion? Qlost of the projectiles went through 
seemingly solid targets, without being deflected j 

New Vocabulary 

atomic target 

embedded 

deflect 
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FACTUAL - Ca^CEPXUAL - IN'FHHEI^'TIAL 



This Instructional episode is designed to iinpart to 
children basic understandings about tne sub-atOwlc attributes 
of selected ele-ents. It draws upon earlier experiences 
which dealt with the electrical nature of ziotter. 

At the completion of this instructional episode, the 
pupl?. should be able to use a chart of atonic properties 
(p. 5 ) to select correct statements which relate to a ba^ic 
body of content on the general structure of the planetary 
atonic nodel- 

The introductory statei:ents herein should be preJ=:ent^d 
via lecture: In order to account for differences in the ele- 
ments in such features as color, density, relative conduc- 
tivity of heat and electricity, relative ability to for=: ^ases, 
liquids, solids, and ability to fora new jubstances, it is 
evident that there nust be differences in the structure (rake- 
up) of the smallest division of an elemen*; :;hich has all the 
properties of tr^t element»..an atosi of that element. 

Based on experiences in earlier activities ask the pupils 
to consider a difference they noted between zinc and sulfur, 
both of which are elements; (Colog. Tell tnem that the last 
bit of zinc that has all of zinc's properties will be different 
from the last bit of sulfur that has ail of sulfur's properties* 
These last bits are called atoms. Ask the pupils to make mental 
comparisons of properties among such familiar elements as iron, 
oxygen, copper, sulfur, aluminum, etc; (Compare properties 
of color and common physical state.) 

Now, invite the pupils to make general hypotheses about 
the features of the "smaller-yet", or sub-particles of atoms 
which could h^ave a bearing on the differences each element's 
atoms display compared to all other elements' atoms. What 
is sought here are responses of the following tyzes: "built 
different**. "h*ave different parts", "some have more part."^ than 
others", etc. If progress here is too slow, ask why water vs. 
alconol (neither are elements , ^both in their pure form are 
compounds) have such different properties (demonstrate burning, 
odor) though they look alike. 

At this point, explain that scientists have evidence that 
the differences between atoms of elements are cue to aifferences 
in the n^ber and arrangement of three basic types of sub-atomic 
particles (smaller yet than whole atoms). The three basic parti- 
cles of atoms are : 

(continued ) 
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V 

1) Electron - a negatively charged particle which orbits 
outside the nucleus or central portion of the atoz:.,. 
there are several likely orbitlns paths called shells. 

2) Proton - a positively charged (opposite, of electron) 
particle which is found as part of the centrally lo- 
cated nucleus. It has nearly 2,000 tiz:es sore =:ass 
("weight") than an electron* 

3) Neutron - an electrostatically neutral particle 
Khich is found in the nuclei of all ato^s except 

ti>e most co=inon type of hydrogen. It can be consi^ereo 
as equal in cass ("v.-el£ht") to the proton* A neutron 
is thought to be con:posed of a positive ch-arge and a 
negative ch-arge* 

On the ch-alkboard .or overhead projector* dra',r: a diagran: 
of a sisple atos, such as heiiua, ^ He^ 



Nucleus contains: 

2 protons * 
2 neutrons 

4 = atomic mass ("weight ') 




Tell the puoils that this is a simplified picture of *.:hat is 
now known; in fact, there Is strong evidence that it Is: not 
this siziDle* but is a good start in learning how the world Is 
stroicfured frozi tiny entities. Asx the pupils ;;hich part of 
an atoa, electrons or protons, '/vould they expect to be most 
easily relieved. Behind thes: of their experiences Mth elec- 
tros tatics . 

Provide each pupil with the chart of the first 20 ele-^ 
aients (sicilar to the one on page no. 5) for their continu^^l 
reference. Invite then: to nake drawings of sore of th^ lighter 
elements in their notebooks. Point out that all ^lerents, 
c.:ce?t hydrogen*, have neutrons in their nuclei* Emphasize 



♦■-'ydrogen too, is knora to have some atoxs with neutrons In 
the nucleus* Atozs, with n:ore or fewer neutrons than "nornal" 
are called isotooes: cany such examples exist wltn otner ele- 
ments. The comoound knov.-n as heavy water, contains an isouope 
of hydrogen. The concept of isotopes is not pursued In these 
instructional episodes* 
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that the electrons are arranged about the nucleus In .successive 
shells, according to certain rules (to follow). At first ask 
thea to copy the teacher's chalkboard (or overhead projector) 
drawings. The teacher should give Individual help to assure 
that pupils are drawing their atomic representations In an 
orderly fas hi on • 

As some mechanical skill In dra'^'lng becomes evident, the 
pupils should be told the following: 

1) The drawings, as we make then, are very much over- 
simplified. But, It Is a good way to begin to learn 
interesting Ideas about the composition of the universe. 

2) The electron(s) should be thought of as orbiting In 
a cloud-like shell* at various relatively "fixed" 
distances from the nucleus. 

f 

3) Most of the atom Is empty space. Give the following 
analogy about an atom of hydrogen: If the nucleus 
were the size of a golf ball, the electron would be 
buzzing around It about 2 miles away. 

It may prove advisable to terminate -the activity here and con- 
tinue at the next session. 

After the pupils have had experience In drawing repre- 
sentations of several light elements, they should be led to 
"discovering" the following rules for determining the atomic 
structure, via questions from the Instructor, and continual 
reference to their charts. 

1) The atomic number always eqiials the number of 
positive charges (protons) In the nucleus. 

2) The atomic number equals the number of negative charges 
(electrons) that circulate around the nucleus of a 
neutral atom. 

3) The atomic mass ("weight") minus the atonic number 
equals the number of neutrons. For the element 
chlorine: atomic mass = 35. atomic no. = 17, there- 
fore, the number of neutrons = 18 in a "normal" 
atom of chlorine.... give other examples for drill. 



♦?or the sake of simplicity^ we will draw shells as concentric 
O circles. 



ERIC 
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^) The number of electrons in the first shell outside 
the nucleus cannot exceed two. 

5) The number of 'electrons in each of the second and 
third shells does not exceed eight up through element 
no. 20. 

At this point the pupils should be invited to hypothesize 
about tne properties of certain elements, based on our sim- 
plified look at atomic structure. For example, ask the pupils 
to note that in a set of four metallic elements made into 
cylinders of equal weight, each has a different volume. Invite 
the pupils to account for the differences discussing it in 
terms of general atomic struct.ure.* .Despite earlier exper- 
iences in these instr.uctional episodes, it can be expected 
that some of the pupils will not have a definitive conception 
of volume » much less density. However, a conception of weight 
can be expected, and from this the notion of a difference in 
density should be re-introduced. 



♦ Aluminum, atomic no. = 13; atomic mass ("weight") « 2? 
Zinc, atomic no. = 30; atomic mass ("weight") = 65 
Tin, atomic no. = 50; atomic mass ("weight") = 119 
Lead, atomic no. = 82; atomic mass ("weight") = 20? 
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THE FIRST 20 ELEMENTS 5 
CHART OP BASIC ATOMIC PROPERTIES 



Basic * Atomic Electron 
Atomic ' Chemical Mass Arrangement 

Number Element Symbol Property ("weight") Protons ^ Neutrons in the shells 

1st 2nd 3^d 4lh 
shell 



1 


Hydrogen 


H 


M 


1 


1 


0 


1 






2 


Helium 


He 


inert 


4 


2 


2 


2 






3 


Lithium 


Li 


M 


7 


3 


4 


2 


1 




4 


Beryllium 


Be 


M 


9 


4 


5 


2 


2 




5 


Boron 


B 


M 


11 


5 


6 


2 


3 




6 


Carbon 


C 


Ind. 


12 


6 


6 


2 


4 




7 


Nitrogen 


N ' 


Nm 


14 


7 


7 


2 


5 




8 


Oxygen 


0 


Nm 


16 


8 


8 


2 


6 




9 


' Fluorine 


- F 


Nm 


19 


9 


10 


2 


7 




10 


Neon 


Ne 


inert 


20 


10 


10 


2 


8 




11 


Sodium 


Na 


M 


23 


11 


12 


2 


8 


1 


12 


IV'.agnesium 


Mg 


M 


24 


12 


12 


2 


8 


2 


13 


Aluminum 


Al 


U 


27 


13 


14 


2 


8 


3 


14 


Silicon 


Si 


Ind. 


28 


14 


14 


2 


8 


4 


15 


Phosphorus 


P 


Nm 


31 


15 


16 


2 


8 


5 


16 


Sulfur 


S 


Nm 


32 


16 


16 


2 


8 


6 


17 


Chlorine 


Cf 


Nm 


35 


17 


18 


2 


8 


7 


18 


Argon 


Ar 


inert 


40 


18 


22 


2 


8 


8 


19 


Potassium 


K 


M 


39 


19 


20 


2 


8 


8 


20 


Calcium 


Ca 


M 


40 


20 


20 


2 


8 


8 



Drawing of 
silicoti (Si> atorA 
atomic no. =14 
no. of neutrons=14 
atomic mass ("weight")=28 

M = mostly acts like metal 

X^m = mostly acts like non-m6*.al, however there are Important 

exceptions with nitrogen, sulfur and phosphorus 
Ind. = Indeterminate; can act like a metal or non-metal 



♦The pupils • charts do not contain the column entitled, "Basic 
Chemical Property, " nor the Information entered below row no. 20. 

♦*It might be well to mention to the pupils that there are common 
exceptions to most of the "rules»\ or patterns stated herein. 
There are valid explanations for many of the exceptions, but they 
are embodied In the content of advanced studies. 




Electron arrangement of silicon 
1st shell = 2 electrons 
2nd shell = 8 electrons 
3rd shell = 4 electrons 
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Suanary Questions 

1) In atomic structure where do the negative charges 
exist?, positive charges" 

2) If the atomic ni:imber is known, the quantity of what 
two basic parts of a neutral atom are known? 
Jjrotons and electrons] 

3) (a) What two parts of atoaic structure make up atonic 

mass ("weight")? [protons and neutrons!] 

(b) Describe the electrostatic charge of each of the 
two parts named in "a", [protons carry a oor^itive 
charge. Neutrons carry a positive and negative 
charge , hence , neutrons are electrostatically 
neutralT) 

k) What are the relative masses ("weights") of these 

atomic particles?.... Use the terms most, least, same. 

(a) electron (b) proton (c) neutron 

5) If the atomic number and the atomic mass ("weight") 
are known, how can the neutron, complement of an atom, 
be computed? [from the atomic mass subtract the atomic 
number. Give pupils several examples to work out 

^ such as helium, beryllium, oxygen, magnesium, phos- 
phorus, fiLTgonT] 

6) Given equal volumes, which element would you expect 
to be heavier, aluminum or magnesium? V.hy? Use the 
chart, ^uminum has more particles in the nucleusT] 

7) At ordinary temperatures the following elements are 
gases: hydrogen, helium, oxygen, nitrogen. Air is 
a mixture of mostly oxygen and nitrogen. Why are 

\ hydrogen and helium used in balloons and dirigibles? 
Use the chart. \Tf ^ balloons are each filled witli 
equal volumes of these gases, then the hydrogen and 
helium balloons would float in air. Hydrogen and 
helium atoms have less mass ("weight") than do nitrogen 
and oxygen atoms which compose the airTJ 

8) Name the element(s) in the chart of the first 20 
elements which? 

(a) have the most electrons in their outermost shell, 
[Neon, argon... each has 8 electron^] 
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(b) have the sane number of neutrons. 

[foron, carbon = 6; fluorine, neon = 10; sodium, 
magnesium = 12; aluminum, silicon = 1^; phosphorus, 
sulfur =2 16; potassium, calcium = 207] 

(c) have the same atomic mass ("weight"). (Srgon and 
calcium, both = ^OJ] 

9) (a) Which element In^ the first 20 elements has the 
most neutrons? ^gon = 22*3 

(b) Does It have the greatest atomic mass ("weight")? 
but argon's atomic mass ("weight") Is the 
same as calcium with an atomic mass ("weight") 
of i*00 



New Vocabulary 

arrangement 

atomic mass ("weight") 

atomic number 

electron sh^ll(s) 

nucleus 

orbit 

outermost 

partlcle(s) 

represents 

symbol 



V 



^V^>'-Hrvi-r— — -^-^ ^..^...-^^^.i 
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FACTUAL - CONCEPTUAL 

This Instinictlonal episode 'Is designed to give chlldrpn 
experience In using the planetary atomic model to classify 
certain elements as metallic, non-metallic, Indetermlnants, 
or Inert; these chemical characteristics are employed In 
accounting for the formation of selected" compounds. 

^ ^ — 

At the completion of this Instructional episode the pupil 
should be able to select correct statements which explain (In 
terms of the planetary atomic model) the tendency of certain 
elements to (1) act like metals, (2) act like non-metals, 
(3) be Indetermlnant as to metal and non-metal, (^) be "Inert". 

\ With forceps hold a piece of magnesium ribbon In the flame 
of a burner until It begins to burn. Avoid looking directly 
at the flame. Emphasize that the burning Is release of energy 
(heat and light). Invite the pupils to observe the product. 
Tell the pupils that the element magnesium has combined with 
the element oxygen from the air. Ask the pupils to use their 
atomic charts from an earlier Instructional episode to he].p 
hypothesize a possible explanation for the ready combination 
of magnesium atoms and oxygen atom? . See diagram on page 2. 
Invite them to draw a diagram of each atom. The explanation 
Is expected to be difficult to elucidate. The pupils should 
then be told that some types of atoms tend to effect a. complete 
outer shell by gaining electrons which they "acquire" from 
other types of atoms. The completion of the outer shell for 
the first 20 elements follows these rules: 

1) A maximum of two electrons can appear In the shell 
next to ^he nucleus. 

2) A maximum of eight electrons can appear In each of 
the two more distant shells. 

Ask pupils to verify these rules In their atonic charts. 
Eaploy a short recitation of examples to help reinforce the 
verification. 

Nov?, begin a lecture-discussion which uses these rules 
to eventually elicit hypotheses from the pupils relevant to 
other possible combinations of some elements. Explain that 
many elements have a tendency to complete outer shells of 
their atoms, as In the rules dbove. Use the analogy that the 
rich get richer, and the poor get poorer to Introduce the 
concept^that atoms with fewer than four electrons In their 
outermost shell tend to share or even lose their outer elec- 
trons to yield a complete shell (next shell In toward nucleus) 



(continued) 
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and those that have more than four electrons (exceot those 
that have eight electrons in the,.<iuter shell) tend to take 
on electrons to complete a shell, S=:phasi2e the tendency to 
complete outer shells by sharing (or giving vp), or by ^-air.ing 
electrons. Atoms with exactly four outer electrons, such as 
-carbon, may go either way and are herein called indeternii^gr.t , 
Atoms th^at tend to share or lose electrons and thus expose a ^ 
complete (or more cqmplete) shell nearer to the nucleus are 
called metals . Atoms that tend to gain electrons to complete 
a shell are called non-metals . Give examples of common metals 
such as magnesium, iron ar.ri aluminum in the first 20 elements. 
The gas hydrogen may act like a metal because of its tendency 
to share Its lone electron. Invite the pupils to sive other 
examples of metals, *\'ext, give examples of non-metals in the 
first 20 elements, , ,ask the pupils to do likewise using the 
rules outlined above. Certain elements have filled outer shells 
and are called the inert elements,* They are not likely to 
enter into chemical combinations, Tn% inert elements, where 
found, are uncombined or free, ^ ' 

A worksheet (see p, 3 ) .is employed to give the pupils 
experience in using the atomic chart from an earlier instruc- 
tional episode to confirm the chemical cr^aracteristics of the first 
20 elements as being metallic, non-metallic, indeterminant, 
or inert. For each element the pupil selects one of the four 
characteristics and also a rationale or explanation,' labeled 
A, or 3, or C, or D. Several ex^^mples are given. 

Plan to take sufficient time with the V/orksheet on the 
Basic Chemical Properties to insure that most of tne pupils 
can demo»"trate a facility with tne rules. Then ask the pupils 
to recal ' demonstration with 
nagnesiuu id oxygen ,,, invi te the 

pupils to tiive an explanation for r , , 

the combination of these two ele- Diagram of molecule 

ments and the release of energy- of magnesium oxide 

An acceptable explanation would 
suggest that magnesium's two outer 
electrons are shared ±>y oxygen, 
forming the compound magnesium 
oxide. Furthermore, etttjymous num- 
bers of atoms are combftiing by the Magnesium s 
sharing of electrons tc form the ' outer electrons = 
new substance,- The energy given XX 
up in the form of heat and light Oxygen's outer 
was, in effect, the energy that electrons"-^* 




♦In the first 20 elements, the following- elements have filled 
outer shells: heliiua, neon, argon. 
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kept tne zetnl z-x^rneslxxz ar.d the gas oxygen In their res- 
pective uncoi^vlr.efi forzs. ^hen they combined (it took sonie 
n«ft". er.'^r^y to st^rt iv), they gave up their "excess" energy. 
It aay require two or n:ore sessions to reach this point in 
the presentation. 

As a cansequence of the experiences outlined above, 
invito tne pur lis to discuss <ind diagram the hypothetical 
electron excr.nn^*?5, if any. between sose other ele:;:ents; a 
selection follown on page ^. The pupils should attempt to 
sjRke tr.t^ir own c;iagran:s (as shown) of the electron c or.pl ecent 
cC tr,o out^r shells In the appropriate cases, and certain 
pupils could b^ a*:/<^i to put their representations on the 
crjf^Ikbcarc , Tn*-- discussion should be supplemented where 
necess*iry by the teacner's chalkboard diagrams. 



WCHitSHEEC CN T.HE B;3IC CHE/.ICAL ?RCrEH?IES 
C? THE FiaST 20 EL5>:EN'TS 

A = cuter electron s.^^ell Is filled (8 electrons except for 

hellus whlcn is filled by 2 electrons) 
3 a outer electron snell has 1, or 2, or 3 electrons (less than ^) 
C - outer electron sne 11 has 5. or 6, or 7 electrons (core than 4, 

but less tnan 8) 
D tt outer electron shell ha.<? ^ electrons 
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Summary Questions 

Questions which suzmarlze the exr-^ctatlons stated In the 
lead paragraph are Isiplled In the worL heet activities. 



New Vocabulary 

naxlnum - nlnlmua 

Indetenalnant 

Inert 

product 

tends » tendency 



EPISODE m 



FACTUAL-CONCEPIT^AL 



\ 



This Instructional episode Is designed to give chlldr^-n 
exoerlence In accounting for the phenomenon of atomic polarity 
(charged atocs). Principles of electrostatics and chesilcal 
characterlsts of classes of elements are drawn froa earlier 
episodes. 

At the completion of this Instructional episode the pupil 
should be able to select correct statements about the nature of 
charged atoms following a demonstration of electrolysis. 

Fill a small beaker 2/3 with warm water. Stir In about 
1/2 teaspoonful of copper sulfate crystals (CuSCi^) until most 
of the crystals dissolve. The solution will have a bright blue 
color. Connect a clean* copper strip and a clean Iron nail to 
a 6 volt D.C. electrical source as shown In Diagram I'. Immerse 
only the copper strip and the r^H In the solution, not any of 
the terminal or supporting* apparatus. ' e copper strip and 
nail should not touch each other. ^ 

Diagram I 



Soon a deposit of copper ••threads" will appear on the Irpn nail 
and at the same time the copper strip attains a rather etched 
surface. 

The pupils should be Invited to discuss the following 
"problem: Kow can coooer atoms, which 'are said to be electrlcall 
neutral (see Diagram H), be pulled from a copper strip, migrate, 
and be deposited elsewhere?** 



♦Use scouring powder, or steel wool, or fine sandpaper. 

«*Qnly the migration of copper Is considered herein. In any 
electrolysis there is some type of reciprocal action. 




+ = positive pole 



- = negative pole 



(continued) 
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Dlag.^aa II 
Neutral Atoa of Copper* 



Diagram III 
Charged Atoa of Copper 





ffctons 



LT-e electrical source does work to remove the two outer 
electrons from the neutral copper atom. This leaves 2? electrons, 
and, of course, the 29 protons •hence, the atom now displays 
two positive (+2) charges and Is called a charged copper atom; 
see Diagram III, Positively ch^arged copper atoms are attracted 
to the Xron nail which Is the negative pole of the electrolysis 
circuit* At the negative pole each charged copper atoa. In 
effect, re-acqulres two electrons and Is neutralized; It Is the 
neutral atoms which cling loosely to the Iron nalirj 

The following questions and activities should be woven 
Into the discussion from which the main Inference Is to be de- 
rived • 

1) What Is the function of the electrical source? (Jit 
provides energy, or does work, to move electron^ 

2) What must be done to an atom of an element for It to 
become charged? [Electrons must be added or taken 
away. 3 

3) Explain wh^ the copper Is removed at the positive pole 
In electrolysis and deposited at the negative pole. 

first paragraph, this pagefj 



♦The element copper does not follow the rule for completion of 
electran shells as given In an earlier Instructional episode. 
This exception Is not part of the lesson at h^nd . Copper was 
selected for the demonstration because It so readily shows the 
overall effects stated In the objective for this Instructional 
episode. 



,ERLC, 
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4) Atosis of other elements can acquire charges. Draw 



diagrams of the following: 



(a) an atom of magnesium- 




12 protons 
12 electrons 



(b) a charged atom of 
magnesium; explain 
the difference 
between a and b. 




12 protons 
? electrons 
2 positive 
charges 



[10] 



[kagneslum, a metal, has two outer electrons which 
It can readily give up. The loss of these two 
electrons unbalances the electrical neutrality of 
the atom, and "exposes" two protons. Thus, a charged 
magnesium atom has a posltlve^two charge J] 



(c) an atom of nitrogen 



(d) a charged atom of 
nitrogen; explain 
the difference 
between c and d. 




protons 
electrons 



7 protons . _ 
? electrons flo] 
3 negative 
chiarges 



Oiltrogen, In this case. Is to be considered a 
non-metal (there are Important exceptions r 
nitrogen). It tends zo acquire three elecu^-ns 
to complete Its outer shell. The gain of the 
three electrons unbalances the neutrdity of the 
atom by a factor of three negatives. Thus, a 
charged nitrogen atom h*as a negative three cnarge"!] 
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Summary Questions 

1) See questions No. 1 - ^, above. 

2) In an earlier Instructional episode, we learned that 
some elements are metals, some are non-metals, some 
may act both as a metal or a non-metal, and some^ are 
Inert. In regard to the metals and non-Lietals of the 
first 20 elements, which ones tend to: 

(a) lose electrons to become charged atoms? ^H, LI, 
Be. B. Na. Mg. Al. K. CaTJ 

(b) gain electrons to become charged atoms? Ql, 0, 

P. eg 

3) If the compound water Is electrolyzed, the elements 
oxygen and hydrogen are obtained. 

(a) Which drawing, A or B, represents a neutral atom 
of hydrogen; a charged atom of hydrogen? Explain. 
J£ji" represents the neutral atom... the protonlc 
charge Is balanced by charge on electronT] 

(A) © (B) (©) 

(b) To which pole In electrolysis would^ a charged atom 
of hydrogen be attracted? Why? \The negative pole, 
because hydrogen's outer electron Ts removed In 
electrolysis, thus displaying Its protonlc (+) - 
charge r] 

(o) Does It act like a metal or non-metal? Explain. 

[ffetal; It tends to share or even give up Its electron^ 

(d) Which drawing, C or D. shows a neutral atom of 
oxygen; (^Cj a charged atom of oxygen'J^^ LpJ 




C 



D 



-"•"^-^i ii II 111 
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(e) 'To which pole In electrolysis would a charged 

atoai of oxygen be attracted? '^'hy? n^e posl-ve 
pole because oxygen acquires two electrons to 
fill Its outer shell, and thus displays two "excess" 
negative charges In cosiparlson to Its 8 r>roton'lc'' 
chargesT] 

(f) D^es It act like a m^lial or non-netal? Explain 
Liipn-aetal; It tends to acquire electrons to fill 
Its outer Phelirj 

^) (a) Draw a picture representing a charged ator 

each of the Detalllc-actlng elei^ents of tne first 
20 elements. 

IjH = no electron, shows positive one charge 



3Li 




two 


electrons , 


shows 


positive 


one charge 


/|Be 




two 


electrons , 


shows 


positive 


two charge 






two 


electrons , 


shows 


positive 


three charge 


llNa 




ten 


electrons , 


shows 


positive 


one charge 






ten 


electrons, 


shows 


positive 


two charge 


I3AI 




ten 


electrons , 


shows 


positive 


three charge 



I9K = eighteen electrons, shows positive or.e charge 

2oCa = eighteen electrons, shows positive two chargej] 

(b) To which pole In electrolysis would each of t>e-« 
charged atoas go? '.Thy? Qo the negative oole 
because each shows at least one positive c'^r^t^ 



T 



T 
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5) (a) Draw a picture representing a "'charged atos of 

the elements which tend to act like non-:::etals* 
In the first 20 elements. 

Q.M = ten electrons, shows negative three charge 

qO =s ten electrons, shows negative two charge 

9? =5 ten electrons, shows negative one charge 

, 15^ ^ 'eighteen electrons, shows negative three charge 

igS = eighteen electrons, shows negative two charge 

^^Cl = eighteen electrons, shows negative one chargeT] 

(b) To which pole In electrolysis would each of these 
charged aton:s go? Why? fXo the positive pole, 
because each h*as taken on at least one additional 
negative chargeT] 



New Vocabulary 

charged atos 
electrolysis 
pole 



♦There are very Important con:pounds of nitrogen,' sulfur and 
phosphorus, In which .these elements each act like metals. 
These profound exceptions are studied In upper level sciences. 
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FACTUAL - CCN'CEPTUAL - INFERENTIAL 

This Instructional eplsorie Is designed to give children 
experience In using a simplified Periodic Table of tr.e ele-ents 
to make Inferences about elements whose checlcal characteristics 
and atonic structure h^ve not been previously studied. 

At the completion of. this Instructional episode the pupil 
should be able to select correct stateinents concerning: certain 
characteristics of so:ne of the sore conimon elements by using 
a simplified version of the Periodic Table of the elements. 

In part, the present episode is designed to give the pupils 
an introductory experience in predicting some characteristics of 
certain elements as a simple Periodic Table is built-up. Earlier, 
the pupils were Introduced to concepts relevant to the :^lanetary 
atomic model including atomic number, atomic mass ( '".•.•eight'* ) ♦ 
• electron shells and the general principle that th*^ chemlc^^l 
cnaracterlstlcs are a function of che complement of electrons, 
especially those in the outer shell. Also, the pupils have h^d 
experience interpreting a simple, non-periodic table of the 
basic atomic structure of the' first 20 elements. 

A simplified version of the Periodic Table of the elements 
will be Introduced. Each student receives a blank Table; an 
identical one is projected via overhead transparency by tne 
instructor. As the rules for building the Table are developed 
by lecture and practiced by the pupils, the teacher should invite 
then to predict wh^t might follov;, In terms of (1) electron shell 
structure and nuclear complement, and (2) chemical and physical 
characteristics, based on rt-.^.at the pupils already know about 
common elements such as oxygen, ^ iron, sulfur, magnesium, aluminum, 
lead, etc. The following basic facts ana principles should be 
imparted via lecture-dlscussion-recltatlon. If the pupils become 
confused, or have difficulty concentrating on the procedures, be 
prepared to terminate the activity for the day — try again tne 
next session,, placing special emphasis on asking the children 
to eiplaln*'"to each other the basic system of organizing the Table. 

1) The Periodic Table of the elements helps to organize 
and classify much information about the elements and 
one can avoid memorizing a great amount of detail by 
learning to interpret it. 

2) The Periodic Table is arranged according to increasing 
atomic number (atomic number equals number of protons, 
and number of electrons) in such a way thj^t similarity 
is shown between the number of shells and the number of 
electrons in the outermost shell. The atomic number 



(continued) 
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appears below the syxbol of each element. The atonic 
mass ("weight") appears above the symbol. Basic concepts 
relevarf^*to ato:3lc nu:::ber, proton and electron complement 
and atosilc ii:ass ("weight") have been presented In earlier • 
episodes . 

3) The elements are arranged In coluxns and rows. 

(a) Colimns - This is the vertical allgnrient of the Table. 
Each colimn's elements are somewhat similar In chem- 
ical or reactive properties because they have the 
same number of electrons in the outermost shell. 

The number of electrons in the outermost shell 
appears In the heading for each column. 

(b) Rows - This Is the horizontal alignment of the Table. 
Each row contains elements which have the same number 
of electron shells. The number of shells for each 
row appears left-most on the Table. 

The puDils should be Invited, concomitant with the lecture, 
to fill in their blank Periodic Tables for the first 20 elements.^ 
They may be allowed to copy other well known elements as In-^lcated 
on the instructor's reference table, directly rrom the Instructor's 
projection overlay. The electron complement should be filled In; 
for examole. No. 12 would be 2-8-2. The pupils should be asked 
to use the Information they are building Into their Taoles to 
draw diagrams of various atoms on separate sheets. Certain 
students could be asked to put their drawings on the ch^lksoard 
and explain them. Although this portion of the current episode 
is a repetition of an earlier activity, it Is expected that the 
reinforcement will have a salutory effect on learning. 

As the mechanical process of filling In the Table begins 
to proceed with greater ease, the pupils should be asked to 
predict some of the characteristics (see questions >:os. 1 - ^ 
below) of elements that are yet to be charted In the Table; 
also, ask for predictions about several of the approximately 
60 other elements not provided for In our simplified version 
of the Periodic Table. The query should include the following: 

1) Relative mass ("weight") - Would the same volume of 

element No, be lighter, heavier, or h^ve the same 

weight* as element No. — ? Explain. 



*More accurately It could be stated in terms of mass* more, 
less, or the same mass. 
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[Conpare element No. 1 vs. No. 2 (:;o. 1 Is Hunter); 
element Xo. 15 vs. Xo. l6 (N'o. 15 is lis'ntpr) ; elezient 
Xo. 18 vs. No. 19 (No. IS Is heavier); ele=:ent :.o. 18 
vs. No. 20 (same); element No. 33 vs. No. 35 (-^o- 33 
Is llghteryT] • 



2) AtoTnic number, electron cor.r^lpnier--^ 



- VJhat atomic 

number is assigned to ^ne— tn element in row_and 
what is its electron complement? gxampxe: the 1st 
element in row ^ has an electron complement of 2, 1 
What atoaic number is assigned to the — th element 

colunn and wh^t is its electron complement? Lr'<^ 

the 2nd element of column has an electron complem 
of 2» 8»-7. Wh^t is the number of electrons in tn 
outermost shell of the element with atomic :^o. 
Eook in lower right portion of the Table; note^tna 
the eleaent iodine h-as atomic No. 53 and its outerm 
shell h-as 7 electrons. Element No. 5^ can be expec 
to have 8 outermost electrons .. .It is an inert elem 



of 

mpie : 
ent 
e 



ost 
ted 
entj] 



Indetermin^nt . Iner 



Would 



3) Metallic, non-metallic, 

element No be more or less metaxiic trjxn element 

No. 7 tTxample: element No. 3 on the left sice Of 

the Table is more metallic than any of those in tne 
same row. Element No. 9 Is more non-metallic tnan 
any of those in the same row. Element No. lO is inert. 
Elements in column No. 4 are Indeterminant; in some 
situations they can act like a metal, and in otner 
situations a non-metal, because the electrans com- 
plements of their outermost shells are r^alf f illeaj 

If) Reactivity of elements - In which parts of the Periodic 
Table would there be located those elements most liKely 
to react or combine with each other: The left portion 
vs. the right portion of the Table? The upper portion 
vs. the lower portion of the Table? The central^ar. 
of the Table? [Tn general, the elements on tneT^e^ ^ 
are most likely to react with those on the rignt except, 
of course, for the inert elements all of which are in 
column no. 8. Elements toward the right of tr.e Table 
are the non-metals which acquire electrons to fill ^ne 
electron comolements of their outermost shells .. .sucn 
electrons may be readily provided by the elements 
toward the left of the Table, the metals. ^le:Len.s 
of certain columns tend to react most readily wi .n 
elements of certain other columns to form compounds; 
elements of column no. 1 combine readily with those 
of oolumn no. 7, coluxan no. 2 with column no. 6, 



^ 4, ' 
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colunn no. 3 with column no. 5- These co,-:iblnAtlonr, 
are In accord with the rules for filling: ou'.er elec- 
tron shells, however, there are a great cany IziportAr.t 
modifications In advanced studies. It Is very comcn 
for certain elements of colu:::n no. 5 to combine v^lth 
an elenent of coluxn no. 6 despite the deslc^natlon of 
elements In these columns as non-zetals. In tne present 
Instructional episode enphaslze the ziost general rules, 
as given earllerT] 



Smuziary Questions 

The sketches of the Periodic Table, as used Ir a nunber 
of ouestlons In the suinnary, can be very quickly copied on 
the 'chalkboard or overhead projector In free hand... each such 
sketch should r^ve the title ''Periodic Table" as a^c^.tlnual 
resilnder to pupils, and they snould have their o;v-n .ables In 
front of thei. Do not pusn for too ziuch In one cession... be 
prepared to terrslnate the lesson for a day If signs of tension, 
confuslan, or boredo:i are generally noticeable. 

1) In wh^t way are the elenients In rovr — all alike? 
(They all h^ve the sane nu:zber of electron shells-J 

2) (a) How Eiany electron shells does element ICo. 26 

have? C^] 

(b) How many electron shells does element *lo. 21 
have? 

(c) How many electron shells does element No. 92 
have? C7] 

3) Predict the numb^ of outer electrons of ele=:ent Xo. 3^^ 
Explain. \ [According to the Periodic Table, element no. 
33 has 5 electrons In Its outer shell, and element no. 
35 has 7 electrons In Its outer shell. Element no. 3^ 
which Is between them can be expected to r*ave 6 such 
electrons 7] 
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EPISODS (fifth of seven pages) 



Periodic Table Periodic Table Periodic Table 




Periodic Table 



Periodic Tabic 

,%1 



-D 



Periodic Table 



blank 



(a) Viost of the non-setals are located In the s:'".a<:ed 
part of which Periodic Table above? C^... 
elenents tr*at tend to be non-nietals have n:ore 
than ^ electrons In their outermost shell, ■there- 
fore are located In columns nos. 5. 6, 7*} 

(b) The inert elements are located In the shaded part 
of which Periodic Table above? eleiients 
that are Inert h*ave a complete electron complenent 
in their outer shellJ] 

(c) The Indeternlnant elements are located in the 
shaded part of which Feriodic Table acjve? 

Explain, [C... Indeternlnant elements can act ^ 
like a metal or non-metal. Such elements have 
4 electrons in their outermost shell, and there- 
fore, are located in column no. 47] 

(d) There are several elements th^t are applied as " % 
cbmjnon conductors of heat and electricity because 

they can be made into wire by heat, pressure and 
the action -of tools. The neutral atoms of sucn 
elements h^ave up to three electrons in their 
outermost shell. On a blank t^ble (as above) 
indicate the approximate locaclon of such ele- 
ments by inscribing an "X". (Place the X 
toward the lower middle-left of the table. 
Here are located the well-known conductors such 
as copper, zinc, iron, silver... see X^.^ 




r 



T 



.w> 
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EPISODE T^l^ (sixth of seven pages) 



(e) r^k'* b^ll^-^vo you are a scientist v;ho needs an e lenient 
thac c^n act botn like a n:etal and a non-netal and Is 
IXf^r.z wele*"*--* ^ blank table (as above; Indicate the 
appTOXizjiZ^ location of such an element oy Inscribing 
an "X". (Tlace tr.e X In the upper portion v^nere the 
Xlgnter efe events are located and concozilt-ahtly In tne 
silddli where tne Indeternilnant ele^.ents are ^ ated,,. 
see 



5) 



Periodic Table 



Periodic Table 



B 



Periodic Table 



(q) zAch of two ^lezi^nts Is represented by the symbol © . 
Vhlcn table shews the two elecients positioned so that 
they would zost likely forr. a co::pound? Explain, 
(T.**, tne Positioning Indicates a zietal combining 
with a non-metal 3 



6) 



(b) 



Which t*"* le shows the tvo elements In positions most 
unlikely to form a compound? Explain. P---- the 
positioning Indicates a non-metallic element and an 
Inert element; tne latter Is not likely to enter Into 
combination, The mlcdle table Indicates a combination 



of two metals ^hlcn Is possible. 



therefore is not Included In our studies 7j 



not too common, 



Periodic Cable 



Periodic Table 



L 



O 



lo 
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EPISODE ^1^ (seventh of seven pages) 

(a) In Periodic Table A, draw a line froni the elez:er.t 
narked 0 to a circle Q which represents an el'ezient 
chezilcally aost like® ' Explain. (The line sr.ould 
be drawn vertically dCAnward. Ele^encs In the sa-e 
coluinn of the Periodic Table tend to r.ave slzillar 
chemical characteristics because they have the sazie 
number of electrons In their outerniost shell ,3 

(b) In Periodic Table 3, dray a line fro:: the eleze-'*' 
narked 0 to the circle O ^ represents a;, element 

cost likely to*react or co::::clne v.lth ® . Explain. ^ 
[The line should be dra-A-n to^^-ard the upper rlgr.c or 
"two o'clock," The eleven:; directly to the rlrr.- is 
fairly similar '.vlth a slightly greater nuniber of outer 
electrons and Is not likely to co::::blne In a strong 
laanner. The element to the far right Is Inert. The 
element In the sasie column has similar chemical pro- 
- pertles, Ele^ient ^ appears to be a heavy i^etal, and 
could be "Expected to co::ablne with a non-zieta"! as in 
the upper right, '.*/hy? Xetals tend to give up their 
outer electrons (1, 2, or 3 electrons) to non-:ietals 
which acquire or sh*are electrons to complete tne electron 
coaplesent of their outer shells (5 or more electrons) J 



New Vocabulary 

combine, combination 

Periodic Table of the Elements 

react, reaction 
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OF SOME £UM£NTJ 



1 



3 



H 



5 Hell; 



7 



K 



I*? 




He 

3 




10 



17 •^Q 



"As 



I 



So \ 5^ 



Br 

33 



Kr 

3C 



^ . 



Sn 



I 





207 

Pb 

a 








222 

Rn 

M 




Ra 




138 

U 





238 



H 



•3 dccTftw^*-^ — T 




He 

2 



6 



2^ S^VtiS 



4 SHELLS 



5 



u 
























p 

15 

75" 

As 
33 


I 


Br I 
35 


1 

1 
1 

2,Sj/^^ i 

KrI 

3< 1 

! 
1 






. ^^-..^^^ >~ 


>u- ->"-- 


Sn 

so 






I 

S3 


i 
{ 


7a . ... > 

>. 


Pb 

IXAO 








222 

Rn 

1 




Ra 

M 




U 


1 


t 



APPENDIX D 
Conversion Tables of IQs to T-Scores 



Appendix D, Table No. 1 

Conversion Table 
Deviation IQs to T-Scores 

Middle Elementary Experinr.ental Classes, N » 57 



DIQ 


r 


T-Scores 


DIQ 


r 


T-Scores 


123 


1 


73 


98 


1 


we 


120 


1 


69 


97 


2 


we 


116 


1 


67 


96 


1 


W5 


115 


2 


Sk 


95 


3 


WW 


113 


3 


62 


9^1 


1 


wi 


111 


2 


60 


. 93 


3 


W2 


109 


3 


58 


89 


2 


40 


107 


7 


55 


88 


2 


39 


106 


1 


53 


87 


1 


37 


105 


1 


53 


85 


1 


36 


lOii 


2 


52 


83 


1 


35 


102 


3 


51 


80 


1 


3** 


101 


il 


^9 


79 


1 


32 


100 


2 




77 


1 


30 


99 


2 


!|7 


70 


1 


26 



2^*1 



Appendix D, Table N'o, 2 
Conversion Table 







Deviation IQs to 


T-Scores 






Kiddle 


Elementary Reference* ( 


^Control") 


Classes , 


N = 56 


DIQ 


f 


T-Scores 


DIQ 


f 


Sc or(^iv 


122 


1 


73 


99 


3 


50 


119 


1 


69 


98 


2 




117 


1 


66 


97 


6 


^7 


115 


2 


6^ 


95 


3 


^5 


113 


1 


62 


93 




^3 


112 


2 


61 


91 


2 


^1 


111 




59 


89 


2 


40 


109 


3 


57 


88 


2 


38 


10^ 


2 


55 


85 


1 


37 


103 


1 


5^ 


33 


1 


35 


102 


3 


53 


81 


1 


3i: 


101 




52 


79 


2 


31 


100 


1 


51 


75 


1 


26 



♦T-scores from reference classes IQs 
were not applied dlrect;ly In testing 
hypotheses. 
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Appendix D, Table Ko» 3 
Conversion Table 
Deviation IQs to T-Scores 
Pre-Secondary Heference* ("Control") Classes, N = 5^ 
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1 
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DIQ 


f 


T-Scores 


127 


1 


73 


101 


1 


45 


122 


1 


69 


100 


1 


^5 


118 


2 


65 


99 


1 


44 


117 


3 


62 


98 


1 


44 
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• 1 


60 


97 


2 ' 


43 


llf 


3 


59 


96 




41 


113 


1 


57 


95 


1 


39 


112 


5 


56 


94 


1 


39 


110 


1 


5* 


92 


2 


37 


109 


3 


53 


91 


1 


36 


108 


5 


51 


90 


1 


34 


107 


2 


50 ■ 


88 


1 


33 


106 


2 




85 


1 


30 


104 


3 


'^7 


80 


1 


26 


102 


2 


if6 









♦T-scores froa reference classes IQs 
were not applied directly In testing 
hypotheses* 
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Appendix D, Table No. ^ 

Conversion Table 
Deviation IQs to T-Scores 

Pre-Secondary Experimental Classes, U = 59 
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1 


65 


116 


2 


63 


115 


2 


61 


114 


9 


58 


112 


3 


54 


111 


1 


53 


110 


1 


53 


109 


1 


53 


108 


3 


52 


107 


3 


50 


106 


2 


49 


105 


2 


48 


104 


2 


48 


102 


1 


47 



Dig 

101 
100 

98 
97 
96 
95 
SH 

93 
91 
90 
89 
88 
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Appendix D, Table No. 5 
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DIQ 
123 
120 
113 
109 
107 
106 
10^ 
102 
101 
99 



Conversion Table 

Deviation IQs to T-Scores 

Hypotheses Nos. 9a, 9b, 11a, lib 
Middle Elementary Boys^, N • 30 

f T-S cores 

1 71 

1 66 

3 61 

1 59 

5 55 

1 52 

2 51 
1 50 

1 49 

2 il8 
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97 


2 


16 
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U4 
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39 
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38 
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36 
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33 


70 
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Appendix D, Table No. 6 

Conversion Table 

Hypotheses Nos. 10a, 10b, 12a, 12b 
Middle Elementary Glrls^, N « 27 
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2 
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1 


46 


96 


1 


45 
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42 
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39 
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2 


35 


80 
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Appendix D, Table No. 7 

Conversion Table 

Deviation IQs to T-Scores 

Hypotheses Nos. 13a, 13b, 15a, 15b 
Pre-Secondary Boys^, N = 29 
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50 
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T-Scores 
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48 
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46 
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45 
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44 
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42 


93 
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90 


1 


38 
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1 


36 


88 


1 


33 


86 


1 


28 
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Appendix D, Table No, 8 

Conversion Table- 
Deviation IQs to T-Scores 

Hypotheses Nos, l^a, l^b, l6a, l6b 
Pre-Secondary Girls , N ■ 30 
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f 


T-Scores 
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1 


71 
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66 


115 
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63 
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53 
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51 
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U6 
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U2 
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38 
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36 
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33 
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DIBEcriCNS FOE T£ST ACXINISTRATICX 



1. Read the directions on the first page of the test 
booklet to the puplis. 

2. Read each question aloud as riany tices as needed^for 
each puDll to inark an answer to each question. The 
pupils should circle the letter of the t>est of four 
answers. They can use pen or pencil. Move around 
the rooQ to ascertain that all pupils are working. 

3. Space the seating of the pupils to Insure that each 
does his ov.-n work. Encourage then to work hard even 
thougn soiie or nearly all of the questions are un- 
fainlllar. Soze classes will be taking tne test a 
second tine without benefit of fornial in tructlon 

on the siaterial. Ask zhez: to do their best. 

4. The ?HE and the POST form are each given in two 
sittings. Each sitting will take at least 30 minutes 
(ziore likely ^5 mnutes), bu t tl-e sr ould not be i ^ 
factor in cor.^letlnsr the test. Tne first sitting o. 
each of the PRE a.nd POST forcis ends with question 
no. 11.1. 

5. To help dissipate the effects of fatigue, the class 
should, for one ninute during each sitting, stand up, 
exercise, wiggle, talk, etc., then promptly go back 
to the task. Test papers should be closed during tne 
break. 

6. The pages of each booklet of the PRE fcrni are in the 
same partiallv randoniized order. The first sitting 
of both the PRE and PCST for=:s of the test ends at 
question no. 11.1 and the second sitting begins at 
question no. 11.2. 



(continued) 
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7. Beginning at the second sitting (cuestlcn no, 11.2) of 
both the PH£ and PCS? f orz, two tables nust be Issued 
to each pupil. The teacher is to describe the use of 
each table upon distribution; tell the pupils only tne 
following: 

(TABLE OF 20 £L£:':e:;ts) 

a) "This sheet (show uuolls . . .ask thein to look at 
tiielr table of 20 elements) Is a table of the first 
20 elements and their basic atoxic parts." 

(PERIODIC TA5LE) 

b) "This sheet (show Dupils...ask then: to look at 
their Periodic Table) is a Perlccic Table of sozie 
of the elements. It is inade in such a way -na- a 
relation is shovs'n between an atczi^s electron sr.e.^s 
a^d the number of electrons in tne outerziost sr.ell. 
I will give you tide to look over both tables. I 
carjiot tell you ho'i used, but I will tell 
ycu when they are used." 

(TEACHER LETS PUPILS PERUSE TABLES, TrlET.^ SAYS:) 

c) "Many of the questions in this part (second sitting) 
of the test state t>:a^ The_Pu^il 2'§y__'^se__the _Ta£ies 
or The Pupil Uses_^Tables . I will tell you on wnlcn 
questions either of these state=:ents appears, but 
you will have to decide which table is best suited 
to help answer the question." 

For each such question tell the pupils before 
reading the question that the tables can or z^y 
used, and remind them again, a zinute or so cefore 
going on to the next question. 

Pupils who have not been taught hov: to use the 
tables niay seen upset. Assure then that their "ziark" 
m science will not be affected, but they wixl be ex- 
pected to try hard on all questions. 

It is important in the investigation that the directions 
for administering the test be implemented as exac~.y as pos- 
sible. Your time and attention to these det \s is very 
much appreciated. 



\mc\ 
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DIRECTION'S FCH PUPILS 
PB£ - POHK 



1. The purpose of Vn\s test Is to find out what yov n^c^y Icn.ow 
about certain parts of science. Try your best on every 
question. 

2. There are probably zany questions which ask about thin^-^ 
th^t are new to you. Sone niay be fun to tnlnk a^o^^t evt^n 

If you are not sure of the answer. Try nard on ill questions. 

3. Each question h^as four answers, but only one is tne best 
answer. Put a circle around tne letter of the best answer 
only. Do every question. 

4. The test will be given In two parts. At the start of the 
second part, you will be given two cnarts or tables. If 
you know how, the charts can help answer Questions n^arked 
''?U?IL hSES TABLES", or *'?L?IL XAY USE TABLES". 

5. ^our teacher will read each question slowly. You should 
^•e^ al'ons v;ith your teacher. If you need inore tlize, or 

need a question read again, ask you teacher. 



DIBECTIONS ?0H PUPILS 
POST - POHM 



1. The purpose of this test Is to find out wh^t you cay have 
learned In science over the past few wee/.s. Don't be upset 
If you are not sure about an answer* but try your best on 
every question. 

2. Each question has four answers, but only one is tne best 
answer. Put a circle around the letter of the best answer 
only. Do every question. 

3. The test will be given in two parts. At the start of the 
second part* you will be given two charts or tables. Tne 
charts can helo you answer the questions n:arked "PUPIL USES 
TABLES", or "PUPIL KAi: USE T.\BLES". 

4. Your teacher will read each question slowly, You should 
read along with your teacher. If you need aore tlsie, or 
need a question read again* ask your teacher. 



Episode No. 1 
Inferential (backgrour.d) 



1. 1 Why can a sponge soak up a lot of v/ater^ 

A) Because sponges can bend when wet. 

B) Because some kinds of sponges grow in water, 
(c)) Because sponges have many open spaces. 

D) Because sponges need water. 



Episode No. 2 

Inferential (background) 

2. 1 V/hen a substance changes from a liquid to a gas, w 
molecules? 

A) The nr.olecules are destroyed. 

B) The molecules get smaller. 

C) The molecules get closer to each other. 
(^The molecules move apart from each other. 



f 
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Episode No. 3 
Conceptual - Inferential (background) 

3. 1 Tlie su>p11 fiotn pcifume m a dish most easily spreads through a room when, 

A) ice is put in the dish, 
©-the room is made warmer. 

C) the room :l darkeui;G. 

D) the room is made colder. 



3.2 Oil flows easier m hot weather because; / 

(J) the oil molecules are far apart. 

B) the oil molecules dry fast. 

C) the oil molecules are close together 

D) the oil molecules dry slow. 



r 



T 



s 
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Episode No. 4 
Factual - Conceptual - Inferential (backgrour.d) 

4 1 A child takes a cold soft drink can from the refrigerator. He leaves it 
unopened. When ae returns a fe^^- minutes later, he finds moisture on tne 
can. Kow did the moisture get tiiere? 

A) V/ater from the air changes to a gas when it strikes the warm can. 
B> The can leaked from around the top edge. It dropped do^^:^. t..e sioe 

of the can. , _ , fu^;^ 

(g) Water molecules from the air collect on the can because .hey loot t..cir 

heat to the cold can. 
D) Heat from the can makes air molecules co:;den3e upon u. 



Episode No. 5 

Inferential (background) 

5. 1 A child tries to guess what iS in a box. Of what can he be directly sure 
without opening it^ 

A) V/hat IS in it. 

B) If It has a living thing m it. 

C) If it has a non-living thing in it. 

The many kmds of thi-.ix^s that cannot be in u. 



lERiq 
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Episode No. 5 
Imerential (background) 



5.2 Pretend each of the things listed has the same weight. Which 
the most space or volume? 

A) A coin. 

3) A new bar of soap, 
C) A 10^ chocolate bar, 
(g) A balloon floating m air. 



5. 3 Pretend each of the things listed has the same weight. Which 
most density? 

A coin. 

B) A new bar of soap. 

C) A 10(p chocolate bar. 

D) A balloon floating m air. 



Epicode No. 6 
Factual - Conceptual - Inferential (background) 



6. 1 Ln which drawing docc^ it show thct v/ork is being done? 




D) 



261 



Epispije No.. T 
Factual - Conceptual - (background) 



1 To aUU elcctnc charges, or to take away electric charges. 

fi])work must always be done. 

B) a switch must always be turned on. 

C) a switch must always be turned off. 
O) always use an electroscope. 



Before After 
\*- electroscope knob y 



\^ leaves 




Which particles could make the leaves of the electroscope act as the drawing 
show 8 ? 

. ' KEY 
Positive charged electrical particle = ( 



Negative charged electrical particle 



B)G 0 

©00 - 0 0 

D) 0 0 0 0 
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7,3 Negative electric charges show up on an ebony rod when it is rubbeJ with fur. 
From where do the negative charges come? 

(a) The smallest parts of the fur. 
B) Batteries inside the ebony rod. 
CXThe smallest parts of the ebony rod. 
D) Magnets inside the ebony rod. 



7,4 Which chain of electrical particles would need the most work or energy to be 
broken apart? . • 



B) O00O 



KEY ^ 



Positive charged electrical particle - KzJ 

Negative charged electrical particle - Q 

" - o 

Neutral particle , " ^ 



/ 
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Episode No. 8 



Factual -y:onceptual - Inferential (background) 



* th.^,i;^M v.. be p-irtly made up of- 



(a) Nc,:;!.ve *.Jar,^*-d particles and positive charged p-r tides. 

C- Nen^uve ;,f,:-d molecuies and positive charge, molecules. 
Po^iUvc eU'cir.t^al mo:ecu»es 
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11 Tiiita-l^frfi 'ilkfi" 
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8.3 If we rub a substance, what part of its atoms is most liksly to be mo/ed' 



A) protons 

B) neutrons 
electrons 

D) r aclei 



8.4 When an atom loses electrons it: 

@ becomes more positively (+) charged. 

B) becomes more negatively (-) charged. 

C) becomes neutral. 

D) is destroyed. 



8.5 




\ / 




SUN 



/ 
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" in sunlight the leaves of a positively charged electroscope go down because 
energy TrL ihe sun gives some of the air around the electroscope an electrac 
charge. Which air particles make the leaves go down? 



KEY 

air particle with positive charge 



air particle with negative chargc^rr^ 
aii*-p?.rticle with no charge 
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Episode No. 9 
Factual - Conceptual 



. 1 Scienusts tell us that about 100 elements make-up all the things of 
How do each of the elements differ from each other? 

A) All elements are alike except for their names. 

f ) Each element has Us own kind of atom. 
) All elements are alike except for their color. 
D) Each element is a different mixture of compour.as. 



9.2 What is the tiniest part of an element which ir- exactly like the element? 



A) a compound 

B) a mixture 

C) a molecule 
(BJ an atom 
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9. 3 V/hat IS the 



tiniest part of a compound which is exactly like the compound? 



@ A molecule 

B) An atom 

C) A mixture 
D1 An element 



9. 4 When the clement hydrogen and the element oxygen are joined in the right 
way, they form water. Water is called: 

A) A mixture 

B) An element 

C) A mixture of compouu^s 
(5) A compound 



Episode No. 10 
Factual - Conceptual - Inferential 



10.1 A scientist shoots high speed positive charges, + ■> , at atomic 

nuclei, (n). Which drawing shows the trost l:kely result? 



A) 



B) 




C) 



Episode No. 11 
Factual - Conceptual - Lnferential 



11. 1 Which one of these parts of an atom is thought to have the^easl mass^ 
("weight")? 

A) neutron 

(b) electron 

C) positive charge 

D) proton 



END FIRST HALF OF TEST HERE 
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BEGIN SECOND HALF OF TEST HEUE. 
EACH PUPIL RECEIVES TWO TABLES. 
11.2 (PUPIL MAY USE TABLES) 

The atomic number of an element is always the same as i 

A) atomic mass ("weight"). 

B) number of neutrons, 
number of protons. 

D) number of electron shells. 



11.3 What is the atomic number of the element with 26 protons and an atomic 
mass (' weight") of 56? 

A) 56 C) 30 

B) 82 (2)26 



rl ( PUPIL ? . U V - US£, T , Afi\F ..S ) .. 



An element with 15 protons nnd nn nfotntc m^ss ("weight") of r,l hns how 
m^ny neutrons ? *^ 

A) 31 

B) 15 • . D>« 



.5 (PUPIL USES TABLES) 

In the first 20 elements, which elements have all their elect: 
fillec'? 

^helium (He), neon (Nc), nrgon (i\i) 

B) hehum (He), oxygen (C), neon (Ne) 

C) hydrogen (H) helium (He), beryllium (Be) 

D) beryllium (Be), oxygen (O), argon (iW) 
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11.6 (PUPIL USES TABLES) 

Equal sized boxes are completely faicdwith certain clcmeMs; as pictured. 



I c P 1/ L ^ ^ 

box of carbon ' box of ' box of sulfur box o.^^ 

aluminum 
Which one weighs the most? 

0 sulfur (S) " C) carbon <C) 

Bi aluminum (Ai) ^> magnesium iUg) 



11.7 (PCPIL-USES TABLES) 

Which one of these elements has the most neutrons? 

A) No. 20 ©No. 18 

B) No. 19 D)N°- 17 
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i Episode No. 12 ^ . 

Factual - Conceptual 

12. 1 Ah inert element is NOT usually active because its outer electron shell: 
A) has fewer than 4 electrons. • « 

^ is complete. 

C) has 4 electrons 

D) has no electrons. 



12. 2 Which one of these elements would most easily lose outer electrons? 



A) 




neon (Ne) 




aluminum (Al) 



B) 




oxygen (O) 




chlorme (CI) 
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12. 2 (PUPIL. MAY USE TABLES) 

Which one of these elements is most likely to act as a metal? 




\ argon (Ai) 

atomic no. 18 




fluorme (F) 
atomic no. 



0^ \ hydrogen (il) 
^ I atomic no. 1 




nitrogen (N) 
atomic no. 7 



12.4 (PUPIL MAY USE TAELES) *^ 

Some elements can acl like metals or can act like non-metals. Which dr?wing 
best shows the outer electron shell of an elenr.ent most likely to act this way*? 



A) 





C) 




D) 




EKLC 
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12. 5 (FUPII. USES TABLES) 

The element sodium (Na) and the element fluorine {F) can form the 
compound sodium fluoride (NaF). V/hich sentence best explams how 
the compound is formed^ 

A) Fluorme*s outer electron fills sodium's outer shell. 

B) Sodium loses all its electrons. 

@ Sodium's outer electron fills fluorine's outer shell. " 
D) Fluorine loses all its electrons. 



Episode No. 13 
Factual - Conceptual 



13.1 Charged atoms have: 
A) lost neutrons. 

@ gained electrons or lost electrons. 

C) gained neutrons. 

D) gained neutrons and lost protons. 



ERLC 
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13*2 (Pu'Pi:- MAY USE TABLES) 

Which one of these drawings &htm-s a charged atom of nitrogen (N)? 

atomic No. = 7 

C) 




B) 




D) 




13. 3 (PUPIL USES TABLES) 

The ojean has in it the compound magnesium chloride . The 

elements magnesium (Mg) atomic No. = 12, and chlorine (CU atomic 
No. ^ 17 are separated by electrolysis. At which poles are these elements 
collected during electrolysis? 

POSITIVE PpLE = 
NEGATIVE POLE ^ - 

A) chlorine at - magnesium at -4- 
(3^ chlorine at + magnesium at - 
C) chlorine at - magnesium at - 



D) chlorine at ^- magnesium at 4- 



Episode No. 14 
Factual - Conceptual - Inferential 
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14. 1 (PUPIL USES TABLE) 



V/hat do these numbers in the Periodic Tabic Stand for? 
if 



Periodic Table f 



A) The number of electrons in the atom. 

B) The number of protons. 

C) The atomic number. 

(S) The number of electron shells. 



14. 2 {PUPIL USES TABLE) 

In the shaded !Ei part of 'A'hich Periodic Table drawing do the elements 
act most like each other? 
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14.3 (PUPIL MAY USE TABLE) 

In - the shaded S part of which Periodic Table drawing are some of 



the heavy elements found? 
Periodic Table_ 



B) 



Periodic Table 



C) 



Periodic Table 



D) 



Periodic Table 



14.4 (PUPIL MAY USE TABLE) 

What is the smallest number of total electrons that an atom can have m 
the shaded part of the Periodic Table in the drawing? 



Periodic Table 



A) 3 

B) 16 

"D) 6 
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14 5 (PUPIL MAY USE TABLE) 

in the shaded part .><P. of which Periodic Table drawing would some non- 



-metrtULc elements be found? 
A) Periodic Table 




Q ) Periodic Table 



^^^^ 



Periodic Table 




D) Periodic Table 

i T 



14. 6 (PUPIL IViAY USE TABLES) 



Pretend you are a scientist looking for a very Ught ^^"S^t element that 
does NOT easily form compounds. Which one of these would you choose 




atomic no. 2 



C) 




atomic no. 11 



B) ( @ ) atomic no. 1 



D) 



// / \U atomic no. 17 
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14.7 (PUPIL MAY USE TABLES) 

Pretend you are a scientist looking for an element that is very likely to 
fovoci compounds with either metals or non-metals. Which one of these 
T^-ould you choose ? 



A) 




B) 




atomic no. 8 



atomic no. I 



C) 





atomic no. 10 



atomic no. d 



^^-^ — 



APPENDIX P 

Experimental Run: N'un^ber Correct Per Test 
Item for Estimating Reliability, 



erIc 
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Appendix P, Table No. 1 
Experimental Run: Number Correct Per Test Item for £stir:;atinc Reliability* 



Item Designation 




Item Designation 




on Test No. 


Correct 


on Test 


No . 


Correct 


1.1 


111 


10.1 




95 


2.1 


88 


11.1 




65 


3.1 


96 


11.2 




93 


3.2 


56 • 


11.3 




18 


1.1 


77 


11.1 




101 


5.1 


78 


11.5 




89 


5.2 


95 


11.6 




101 


5.3 


61 


11.7 




91 


6.1 


100 


11.8 




100 


6.2 


61 


12.1 




93 


6.3 


73 


12.2 




lOii 


7.1 


86 


12.3 




92 


7.2 


69 


12.1 




7* 


7.3 


87 


12.5 




59 


7.t 


95 


13.1 




59 


8.1 


67 


13.2 




22 


8.2 


70 


13.3 




56 


8.3 


81 


11.1 




102 


8.1 


55 


11.2 




76 


8.5 


70 • 


11.3 




58 


9.1 


51 


11.1 




17 


9.2 


78 


11.5 




77 


9.3 


■ 61 


11.6 




50 


9.1 


65 


11.7 


Sum =" 


62 
3627 



•These scores were taken from the post-instructional tests of 
the 116 pupils of the experimental classes. Additional data - 
for estimating the coefficient of reliability for experimen- 
tal and pilot classes are reported in Table XLIV. 
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